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RAMAN EFFECTS WITH LIQUID AND SOLID 
CARBON DIOXIDE' 


Abstract 


This paper describes detail methods obtaining clear liquid carbon dioxide 
and clear solid carbon dioxide tubes suitable for light-scattering experiments. 
description given the new type mercury arc employed source 
incident light. 

For the first time, Raman spectra carbon dioxide the liquid and solid states 
are obtained, and compared with the known Raman spectrum the substance 
the gaseous state. 

Carbon dioxide the first substance for which Raman spectra have been 
obtained for all three states. 


Introduction 


Among problems interest physicists the present time that 
the structure polyatomic molecules. Triatomic molecules, especially, have 
been the subject recent detailed analyses many workers the field 
molecular spectroscopy. 

study the Raman effect the substance under consideration provides 
one the most powerful means attacking this problem, for such study 
yields valuable information concerning the fundamental vibrational frequencies 
the molecules. Considerable work has been done the Raman effects 
number triatomic compounds, some which were the liquid and some 
the gaseous state. Very few investigations have been made, however, with 
the substances both the liquid and gaseous phases, and far are 
aware, none have been studied the solid, liquid and gaseous states. 

this paper account our investigations the Raman effect with 
carbon dioxide the liquid and the solid state presented and our results 
are compared with those obtained for the gas Dickinson, Dillon and 
Rasetti (2). 
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Apparatus 


The essential parts the apparatus used the experiments with the 
carbon dioxide the liquid state are shown diagrammatically Fig. The 
Raman tube consisted Pyrex tube, length cm., diameter 2.5 cm. 
and with 5-mm. walls, clamped between the brass top and base means 
three brass rods. Leather washers that had been soaked hot wax were used 
the joints prevent leaks. The upper part the brass top consisted 
removable brass part with glass window cemented its inner surface. 
copper tube small bore led from the top carbon dioxide cylinder. 
Directly opposite was outlet tube, mm. diameter, attached gauge 

and safety valve. circular silvered mirror, 

was placed horizontal position raised central 

portion the brass base the Raman tube. The 

was immersed methyl hydrate contained 
the large Dewar flask, 

was necessary that any temperature between 

—50° and available during the course 

the experiment. the usual refrigerants are 

only for small range temperature they 

could not employed this case. was also 


> 


impossible use freezing mixture containing solid 
carbon dioxide, due the fact that such mixture 
would permit but little light pass through from 


the source incident radiation. system that in- 
volved the use liquid air cooling agent was 
finally employed. Copper tubing was fashioned into 
used obtaining the which consisted several turns about the upper 
effect the Raman tube and two turns the same 
iquid carbon dioxide. 
diameter the methyl hydrate below the base. The 
tubing which led and away from the lower coil was placed close 
possible the brass rods order that minimum incident light 
might prevented from reaching the light-scattering medium. One end 
the coil was immersed flask, filled with liquid air, and the 
other end was connected rubber tube leading vacuum pump. 
The operation the pump caused liquid air drawn into the coils 
and the temperature the methyl hydrate was decreased rapidly. soon 
the pump was stopped the temperature the refrigerant increased. With 
this method cooling was possible control the temperature accurately 
and when working —60° the temperature could changed rate 
three degrees per minute. Pouring liquid air the surface the methyl 
hydrate lessened considerably the time taken for the first cooling from room 
temperature down —60° C., for the rate cooling was then ten degrees 
per minute. The temperature the methyl hydrate was read pentane 
thermometer. 


: 
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order obtain clear liquid carbon dioxide was necessary overcome 
serious experimental difficulties since carbon dioxide does not exist the 
liquid state ordinary pressures. Solid carbon dioxide sublimes and the 
lowest pressure under which the liquid exists lb. per sq. in., and the tem- 
perature the pressure reduced below per sq. in. white 
opaque snow forms which unsuitable for scattering experiments. the 
temperature allowed fall below 56° the liquid turns into solid which 
remains clear for time and then becomes clouded. Above —56° the pres- 
sure the tube increases rapidly with temperature. The above shows the 
necessity for accurate and sensitive pressure and temperature control. 

The procedure for obtaining the clear liquid carbon dioxide was follows. 
The temperature the methyl hydrate was lowered the methods given 
above —75° Then the pressure was increased slowly from one atmos- 
sphere and white solid carbon dioxide began form the mirror and inner 
surface the Raman tube. The pressure was increased further per 
sq. in., then, the temperature was increased until 56° the solid changed 
clear colorless liquid. 

The primary source light was special mercury lamp. was constructed 
Pyrex tubing cm. diameter the form vertical helix, consisting 
four turns cm. diameter. The arc, approximately eight feet length, 
when surrounded cylindrical polished aluminium reflectors gave light 
very great intensity along the axis the helix. This axis coincided with that 
the Raman tube during exposure. 

The lamp was operated the 220-volt d.c. circuit and carried amp. 
order start it, heat was applied means large gas burner and the arc 
was struck employing 50,000 volts from the 60-cycle a.c. circuit. After 
the lamp was started the cylindrical reflector was placed position, and 
electric fan was used prevent overheating the lamp and reflector. 

The light scattered upwards along the axis the Raman tube passed through 
the window the top, and the mirror, reflected back along the axis the 
light scattered downwards. Suitable blackened metal diaphragms and black- 
ened metal tubes cut down the amount extraneous light reaching the slit 
the spectrograph. Before making exposure image the mirror 
was focused the lens the slitS. this arrangement the light which 
arose from the walls the Raman tube, and was not cut out the diaphragms, 
was focused off the slit all sides. 

order lessen the continuous background and isolate groups lines 
the spectrum the incident light various filtering solutions were used. 
These were dissolved the methyl hydrate. 

specially constructed direct vision spectrograph with camera lens having 
focal length cm. and providing dispersion about per mm. gave 
Raman spectrograms with exposures hour’s duration. 

Ilford Golden Iso-zenith plates, and 1400, gave the best results for the 
region between 4000 and 5000 
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The experimental arrangement described above proved very satisfactory for 
obtaining the Raman effect the liquid, but attempts use for the solid 
were unsuccessful. 

The solid was formed reducing the temperature —92° the same 
time holding the pressure constant lb. The clear solid formed 
slowly, but grew inwards from the walls 
the tube well upwards from the mirror, 
consequently solid cylinder was not formed. 
The large amount light arising from the surface 
the solid the walls caused fogging the photo- 
graphic plate after short exposure. 

order form clear cylinder the solid was 
necessary have the base the Raman tube 
much lower temperature than that the glass walls. 

This was effected replacing the copper coils 

the part shown Fig. This consisted inlet and 

outlet tubes and made German silver, and 
cylindrical container also German silver but with 
copper top that fitted snugly against the brass stead the copper coils 
the Raman tube. Experiments made using this solid 
cooling device proved highly successful, for cylindri- 

cal column very clear solid carbon dioxide was formed, which good 
Raman spectrograms were obtained with exposures ranging from 1—1} hours. 


TO PUNP — 


Experimental Results and Discussion 


The Raman effect with carbon dioxide the gaseous state has been in- 
vestigated number workers and four Raman lines have been observed 
the spectrum the scattered light. the first column Table are given 
the values the frequency shifts obtained Dickinson, Dillon and Rasetti. 
Two strong lines were observed them with relative intensities and 15. 
The stronger the two was accompanied faint companion longer 
wave-length whereas the other strong line was accompanied line 
intensity its short wave-length side. 

The spectrum the light scattered the liquid contained two sharp Raman 
lines with relative intensities and 15, while microphotometer tracings 
gave evidence two other lines lesser intensity corresponding the weak 
components observed the spectrum the gas. The frequency shifts and 
intensities are shown the second column Table reproduction the 
spectrogram obtained shown Plate 

Bar (1), employing the powdered crystal method, failed observe any 
Raman lines the spectrum the light scattered carbon dioxide the 
solid state. Spectrograms taken clearly exhibited the two stronger 
Raman lines. The relative intensities those lines and their corresponding 
frequency shifts are given the third column Table and reproduction 
one the spectrograms shown Plate 


spectrum the light scattered clear liquid carbon dioxide. 


Raman spectrum the light scattered clear solid carbon dioxide. 


PLATE 
(a) 
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will seen from that the frequency shifts and intensities observed 
are practically identical for the gaseous, the liquid and the solid state. 
this respect the case the carbon dioxide molecule analogous that 
other non-polar molecules. 

These results also support the view that the carbon dioxide molecule under- 
goes change form throughout the temperature 20° 


TABLE 
FREQUENCY SHIFTS AND RELATIVE INTENSITIES FOR CARBON DIOXIDE 


Gas Liquid Solid 
1264.5 Faint line 
1285.1 1285.5 1285 
1387.7 1387.5 1388 
1408 Faint line 
References 


G., DILLon, and Phys. Rev 34: 582-589. 1929. 
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APPLICATIONS SPECTROSCOPIQUES DECHARGE 
SANS ELECTRODES' 


PAR GEORGES 


Sommaire 


L’étude spectroscopique décharge sans électrodes constitue des 
meilleurs procédés séparation des spectres correspondant aux différents degrés 
utilise dans but décharge annulaire obtenue 
avec des tubes cylindriques renfermant gaz considéré sous faible pression, 
l’on examine les modifications spectrales qui résultent pro- 
gressif d’excitation. empirique auquel est conduit 
est excellent accord avec les résultats basés sur les théories quantiques 
Les conclusions relatives aux gaz rares mercure font 
d’une discussion détaillée. Dans cas phosphore, méme technique 
permis répartir plusieurs centaines raies dans plusieurs groupes distincts 
correspondant aux étapes successives 


gaz monoatomique pur traversé par une décharge électrique intense doit 
étre considéré comme mélange plusieurs substances; celles-ci sont con- 
stituées par des atomes neutres par des ions charges variées, dont 
concentration dépend des conditions expérimentales, telles que pression, 
tension mode d’excitation. général, rayonnement obtenu comprend 
donc plusieurs spectres indépendants s’agit reconnaitre d’attribuer 
avec maximum probabilité aux divers centres d’émission. cet égard, 
peut obtenir résultats certains qu’en faisant intervenir les arguments 
décisifs fondés sur considération des séries spectrales, sur Zeeman, 
encore sur des lois des doublets des rayons aux spectres optiques. 

réalité, est toujours difficile, méme parfois impossible, 
directement les méthodes précédentes chercher, par 
identifier des séries des multiplets caractéristiques. faut donc s’adresser 
d’abord procédé pratique séparation qui, mettant jeu des intensités 
d’excitation graduellement croissantes, puisse permettre différencier les raies 
méme élément les répartir dans divers groupes sensiblement homo- 
ainsi obtenu servira point départ pour recherche 
des régularités spectrales, conformément aux lois rigoureuses qui régissent 
structure des spectres. 

Parmi les techniques qui conduisent cette analyse expérimentale préalable 
des spectres, des raies spectrales par choc électronique donne sans 
aucun doute les résultats les plus faciles interpréter. Toutefois, 
d’un gaz soumis bombardement électronique est général trés peu intense, 
l’enregistrement photographique spectre nécessite souvent trés longues 
durées pose. méthode choc électronique est indispensable pour 
directement les prévisions théorie quantique des spectres 
l’existence des niveaux d’énergie. Mais elle n’a été que trés rarement utilisée 
pour différencier les spectres caractéristiques des divers degrés d’ionisation (17). 

Manuscrit recu mars 1932. 


Communication Société Physique Chimie Montréal (11 février 1932). 


(février-mars 1932). 
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L’étude spectroscopique décharge sans électrodes permet contraire 
d’effectuer cette séparation d’une maniére simple rapide. Les avantages 
mode d’excitation sont bien connus ont été signalés par 
Thomson dés 1891. Les impuretés dégagées par les électrodes des tubes 
ordinaires sont évitées; luminescence obtenue posséde éclat suffisant 
les conditions d’excitation sont faciles régler. Pour isoler commodément les 
spectres d’ordres successifs, utilise type décharge facile 
obtenir moyen d’oscillations amorties. L’élément étudié est générale- 
ment introduit dans tube cylindrique silice fondue (par exemple: cm. 
longueur cm. diamétre), fermé par des glaces planes portant 
enroulement inducteur d’une dizaine spires. circuit décharge, dont 
fait partie cet enroulement, comprend éclateur formé deux tiges métal- 
liques dont peut étre modifié réglé volonté. alimente 
circuit moyen d’un transformateur relié d’autre part condensateur 
capacité appropriée. Dans plupart nos expériences, fréquence des 
oscillations correspondait une longueur d’onde comprise entre 400 800 

Lorsque pression est convenable, décharge oscillante qui traverse 
roulement illumine brillamment gaz vapeur. projette alors sur 
fente d’un spectrographe luminosité qui trouve localisée prin- 
cipalement dans espace annulaire, voisinage des spires solénoide. 
Lorsqu’on utilise appareil stigmatique, les spectrogrammes obtenus pré- 
sentent fois des raies longues traversant tout champ, des raies courtes 
émises par bord Les premiéres sont, par exemple, les raies 
d’arc les autres celles premier spectre d’étincelle. agissant sur 
réglable, augmenter potentiel décharge, les raies 
primitivement longues s’atténuent, concentrent parfois dans région 
moyenne tendent disparaitre. contraire, celles qui étaient courtes 
renforcent s’allongent peu peu, tandis que nouvelles raies courtes 
apparaissent sur les bords champ. comparaison des spectrogrammes 
correspondant des tensions croissantes, basée sur longueur 
des raies, permet donc distinguer plusieurs groupes homogénes qui différent 
entre eux méme que spectre d’arc différe premier spectre 
L’étude des variations d’intensité des raies suffit 
rigueur pour obtenir résultat. L’emploi d’un instrument stigmatique 
n’est donc pas absolument indispensable. 

1923, Bloch (5) ont proposé d’identifier provisoirement les 
groupes raies ainsi avec les spectres d’étincelle successifs, dont les 
centres d’émission sont les ions charge simple multiple. Dans cas 
mercure, ils ont distinguer trés nettement trois catégories raies d’étin- 
celle, désignés par appartenant vraisemblablement aux spectres 
II, III Nous avons ensuite appliqué méme procédé aux 
gaz monoatomiques corps, trés nombreux 
(métaux alcalins, cadmium, halogénes, soufre, sélénium, tellure, antimoine) 
ont été examinés dans les mémes conditions cours des derniéres années. 
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Pour tous ces éléments, l’analyse expérimentale dont principe vient d’étre 
indiqué réussit trés 

Toutefois, est impossible d’affirmer toute rigueur que les groupes 
homogénes spectre d’étincelle correspondent effectivement, pour chaque 
élément, aux divers degrés d’ionisation peut justifier cette 
hypothése qu’en s’adressant des corps dont les différents spectres soient déja 
partiellement identifiés, par application directe des lois spectroscopiques. Pour 
certains éléments étudiés par nous, les spectres d’étincelle ont été 
d’une analyse théorique plus moins compléte. moment semble 
donc venu mettre évidence concordance remarquable nos prévisions 
avec les résultats théoriques. Dans cas des gaz rares, classification 
empirique fournie par décharge sans électrodes réellement servi guide 
dans recherche des régularités spectrales (24). Les critiques qui ont été 
présentées sujet (53, 54) sont complétement injustifiées. 


Gaz rares 
(a) Néon 


L’emploi décharge sans électrodes nous permis 1926 (7) décou- 
vrir caractériser avec certitude deux spectres d’étincelle néon. 
résultat été obtenu utilisant plusieurs tubes renfermant néon rigoureuse- 
mercure. pression est relativement forte distingue seulement sur 
les spectrogrammes les raies celles premier groupe raies d’étin- 
celle, considéré par nous comme représentant spectre II. Fig. 
représente une série quatre spectrogrammes obtenus dans ces conditions 
correspondant des excitations d’intensité croissante. Elle montre que, pour 
certain réglage circuit oscillant, les raies d’étincelle courtes 
apparaissent, parmi les raies longues partir 4800 Nous avons 
retrouvé sur nos clichés plupart des raies observées classées par 
Paschen (42, 43). Quelques raies d’étincelle trés intenses sont souvent 
présentes dans spectre néon fourni par décharge ordinaire non con- 
densée. particulier, les trois raies 3713, 3694 3664 figurent parmi 
les raies observées dans par Paschen, sans étre cependant rattachées 
aucune série spectre Fig. montre précisément que ces trois 
raies différencient nettement par leur longueur leur aspect des raies 
d’arc voisines. Les deux raies 3694 3664 sont les plus intenses multiplet 
qui servi point départ pour recherche des régularités dans 
premier spectre d’étincelle néon. 

spectre d’étincelle d’excitation supérieure, que nous attribuons 
doublement ionisé, développe dans décharge sans électrodes qu’aux 
trés faibles pressions. Les raies les plus intenses les plus caractéristiques 
trouvent entre 2800 2500 Sur les spectrogrammes Fig. 
reconnait aisément les deux groupes raies d’étincelle. Pour les plus faibles 
pressions, toutes les raies sont longues critére séparation repose sur les 
différences d’évolution constatées tension croissante. 


| ] woe 
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structure spectre (doublets quadruplets) été analysée par 
Kichlu (26, 27) surtout par Bruin (11, 12, 15, 48). classification 
proposée est entiérement d’accord avec nos prévisions. Parmi les 264 raies 
par Bruin, 250 avaient été attribuées par nous simplement 
ionisé. D’autre part, les analogies signalées par méme auteur entre les 
spectres III font intervenir que des raies appartenant effective- 
ment second groupe d’excitation élevée, séparé avec une grande précision 
spectre 

(b) Argon 

classification séries spectre été largement développée par 
Meissner (37, 38, Dans sur 579 raies classées 
spectre seulement figurent dans notre liste raies d’arc publiée 
1924 comprennent les raies les plus intenses observées 
par Meissner. Cela prouve seulement que les conditions d’excitation utilisées 
dans notre travail (pression: 0.3 mm.) sont pas favorables 
spectre d’arc. effet, trés grande majorité des raies classées 
retrouvent nullement dans les trois groupes raies d’étincelle séparés 
moyen décharge sans électrodes désignés par E;. désaccord 
porte que sur une vingtaine raies tout plus nous estimons qu’il 
provient, dans plupart des cas, d’une interprétation défectueuse nos 
spectrogrammes faible dispersion. outre, parmi les raies attribuées 
spectre d’étincelle classées cependant par Meissner dans spectre 
trouvent trois raies classées également par 
Bruin (4, 13, 14) dans spectre les listes Meissner compren- 
nent encore 152 raies non classées, parmi lesquelles sont visibles sur nos 
clichés rattachent, d’aprés notre classification empirique, groupe 
(spectre IT). 

Les doublets quadruplets ont été reconnus par Bruin (4, 13, 14) 
par Rosenthal (47). classification obtenue porte sur 238 raies, parmi 
lesquelles raies peu intenses n’ont pas été observées par nous (6). Toutes 
les autres, d’une seule (3480.49) trouvent rangées effectivement 
dans premier groupe raies d’étincelle. Les deux spectres d’ordre 
supérieur séparés grace décharge sans électrodes n’ont été 
l’objet d’aucune tentative classification. 

(c) Krypton 

Les recherches théoriques récentes s’étendent sur les quatre spectres 
II, III comparaison avec les prévisions expérimentales 
présente donc pour gaz intérét particulier. spectre d’arc été 
analysé par Meggers, Bruin Humphreys (34, 36). Dans 
les auteurs précédents indiquent 275 raies classées, dont raies 
parmi les plus intenses ont été effet observées par nous (6) comme raies 
d’arc. Mais les autres raies Meggers, Bruin Humphreys 
figurent pas, général, dans les autres groupes raies d’étincelle 
Comme pour désaccord apparent porte sur petit nombre cas 
plus moins douteux faisant intervenir des groupes raies trés voisines 
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des coincidences probables raies appartenant des spectres différents. Dans 
nos expériences 1924, nous avions seulement vue séparation des divers 
spectres d’étincelle, les conditions requises pour 
spectre d’arc (forte pression, tension faible avec longue durée pose) n’ont 
pas été réalisées. 

structure des spectres d’étincelle krypton été partiellement analysée 
par Kichlu (28) (Kr II), Bruin (3) (Kr II) Acharya (1, (Kr III IV). 
trés petit nombre d’exceptions prés, toutes les raies classées dans 
spectre par Kichlu (147 raies, entre 6905 2960 par Bruin 
(91 raies) font partie premier groupe raies d’étincelle. L’accord entre 
théorie les attributions provisoires basées sur décharge sans électrodes 
peut étre considéré comme parfait. 

Tableau donne répartition des raies des groupes dans les 
deux spectres III IV, d’aprés Acharya: 


TABLEAU 
Raies obs. par 
non classées 
| | 


les régularités indiquées par Acharya sont réelles, séparation III 
pas été effectuée d’une maniére absolument correcte. Toute- 
fois, cette séparation est fondée ici sur l’examen des spectrogrammes fournis 
par seul tube renfermant krypton sous une pression 0.6 mm. Nous 
estimons qu’une discrimination beaucoup plus précise aurait été obtenue 
systématiquement dans d’autres conditions, comme pour 
III. Dans les spectres nombre des raies observées non 
est considérable, qui montre quel point les classifications proposées 
sont 

(d) Xénon 

structure spectre est maintenant bien connue d’aprés travail 
expérimental théorique Meggers, Bruin Humphreys (35). Entre 
9163 3343 261 raies ont été classées, parmi lesquelles 178 trouvent 
effectivement dans spectre d’arc décharge sans électrodes (6, 21). 
tube utilisé par nous renfermait xénon pur sous une pression mm. 
mercure, spectre d’arc obtenu ainsi est beaucoup plus complet que pour 
les gaz précédents. Les autres raies classées quatre exceptions prés, 
font pas partie des groupes raies d’étincelle E;, Parmi les raies 
non classées liste Meggers, Bruin Humphreys, deux appartien- 
nent d’aprés leur évolution tension croissante: 8258.0 6728.00 
mais quatre trouvent rangées dans groupe (8143.8, 6277.2, 6114.7 
4215.5). 
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Fig.4. Xénon 
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Les doublets quadruplets ont été aussi identifiés partiellement par 
Humphreys, Bruin Meggers (24), excellent accord avec nos prévisions 
1924 1930 (6, 130 combinaisons indiquées, raies sont placées 
dans groupe les autres sont invisibles sur nos spectrogrammes. 
classification est encore trés incompléte, car nous avons observé 
jusqu’a présent prés 1000 raies constituant groupe homogéne xénon 
(9000-1850 (6, 20, 21). 

titre d’exemples, les Figs. représentent des spectrogrammes xénon 
fournis par décharge sans électrodes, ayant servi séparation des spectres 
Les spectres raies sont accompagnées d’un spectre continu 
intense localisé dans région annulaire grand éclat, voisinage 
roulement. observe alors deux bandes symétriques dont décroit 
partir des bords vers centre champ. outre, les excitations trés in- 
tenses donnent naissance spectre continu émis par région centrale 
tube, visible sur les clichés sous forme d’un trait axial. 

spectre Fig. été obtenu avec réseau concave 150 cm. 
rayon. montage minimum déviation, est suffisam- 
ment réduit pour qu’on puisse différencier nettement par leur longueur les 

Mercure 


classification premier spectre d’étincelle mercure (doublets 
quadruplets) été établie par Paschen (44) par Naudé (41). Les termes 
doublets ont été obtenus prenant pour point départ les attributions 
proposées par Carroll (16) confirmées par divers résultats expérimentaux (18). 
raison complexité spectre d’étincelle global mercure, 
expérimentalement des spectres d’ordre supérieur cet égard, 
technique par Paschen Naudé (étude lueur négative d’un 
tube décharge spécialement construit, influence sur les in- 
tensités relatives des raies), est certainement beaucoup moins efficace que 
décharge sans électrodes, employée dans méme but par Bloch (5), 
Déjardin (18) Laffay les nombreuses raies non classées des 
tables Paschen Naudé, trouve effet environ 130 raies appartenant 
aux groupes E;, qui, par conséquent, auraient été immédiatement 
exclues par technique tube sans électrodes. L’accord est général 
satisfaisant entre classification empirique obtenue par cette méthode les 
résultats théoriques. Toutefois, les combinaisons indiquées par Naudé com- 
prennent une vingtaine raies qui, d’aprés leur évolution (étudiée par 
décharge sans électrodes) appartiennent probablement aux spectres III 
IV. Pour les raies 3312.31 1994.72 classées par Paschen 
Naudé, potentiel d’excitation, mesuré directement, est nettement supérieur 
volts, qui semble incompatible avec leur attribution II. 
réalité certaines combinaisons donc pas suffisamment justifiée. 

classification Paschen-Naudé été critiquée révisée par 
McLennan, McLay Crawford Dans nouveau travail, plupart 
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raie rattache par son évolution groupe (Hg III), comme 
peut s’en assurer examinant les spectrogrammes Fig. sur lesquels 
potentiel cette raie est d’ailleurs supérieur volts (22). 

groupe séparé par décharge sans électrodes—et identifié provisoire- 
ment avec trois raies (2354, 2244 2214) qui trouvent 
effectivement leur place dans classification spectre III 
proposée par McLennan, McLay Crawford (32). 

Fig. montre avec quelle netteté séparation des raies d’étin- 
parfaitement sur cette figure les trois raies III classées par McLennan, 
McLay Crawford. Les tables classiques donnent qu’une description 
assez imparfaite spectre d’étincelle globale mercure. décharge sans 
électrodes constitue sans aucun doute excellent procédé d’excitation per- 
mettant révision compléte des données expérimentales relatives spectre. 

examinant cas xénon, nous avons fait remarquer que 
décharge sans électrodes comprend, plus des spectres raies, spectre 
continu intense dont les caractéres dépendent pression régime 
décharge. Les spectres continus analogues obtenus avec mercure ont été 
étudiés systématiquement par Robertson, McKinnon Zinn (46), par 
Volkringer continue vapeur mercure trés raréfiée 
soumise une excitation trés énergique (Fig. différe profondément celle 
que observe avec méme tube haute température, avec les lampes 
mercure d’usage courant fonctionnant sous régime assez poussé (18). 


Phosphore 


Les raies fondamentales des différents spectres phosphore (de 
ont été découvertes par application directe des régles spectroscopiques. 
était donc possible, pour cet élément, soumettre excellent 
procédé d’analyse empirique fondé sur décharge sans électrodes. Les 
résultats obtenus 1927 n’ont pas été publiés intégralement (19). Nous les 
décrirons ici avec quelques détails, nous montrerons méme temps les 
conditions d’application méthode dans cas particulier. 

Une petite quantité phosphore été introduite par distillation dans 
tube cylindrique silice fondue, aprés élimination des gaz occlus par chauffage 
prolongé 900° tube été ensuite scellé sous excellent vide 
intercalé dans circuit décharge, aprés mise place 
inducteur. décharge lumineuse s’amorce que lorsque pression 
vapeur phosphore est suffisante. Pour qu’il ainsi, est nécessaire 
chauffer assez fortement tube, parvient plagant compléte- 
ment dans four Toutefois, est indispensable d’empécher toute 
condensation sur fenétre destinée passage rayonnement, qui oblige 
maintenir constamment cette fenétre une température peu plus élevée. 
Pour cette raison, d’un four s’est révélé trés incommode, s’est 
généralement contenté chauffer énergiquement tube avec chalumeau 
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2 | 77.6 2? G. + 63.99 | 
1 45.52 | 2? 1G. 3 49.88 
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71.83 G., PIII 35.63 
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G., PIV B.M. 
B.M. 


G., PIV B.M. 


G., PIV B.M. 
G., PIV B.M. 


PIII 


(1) Cette raie d’excitation élevée coincide pratiquement avec une raie d’arc visible sur les 


moindre excitation. 


Celle-ci correspond evidemment des deux termes 


Obs. 
| 
G., 
G., 
G., PII 
G., PII 
G., PII B. 
G., PII 
G., PII 
| Q. 
G., PII 
G., PII 
| 1? Q. 
| 1 Q. 
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TABLEAU 


! | | 


(1) raie figure pas dans liste raies publiée par Kiess, mais elle correspond 


agaz. possible, par procédé, réaliser une constance suffisante 
température cours d’une série poses spectrographiques (durée totale 

Pour les plus faibles excitations, correspondant une distance des tiges 
égale mm., luminosité d’un étroit anneau blanchatre 
voisinage paroi quartz. Cet anneau gagne progressivement sur 
centre obscur, dont est parfois par une bordure jaunatre. Lorsque 
tension est plus élevée (coupure mm.), distingue nettement trois 
régions constituées par centre obscur plus plus réduit, anneau inter- 
médiaire couleur jaune citron correspondant aux raies situées dans 
l’orangé, anneau extérieur blanc dans lequel prédominent les 
raies III des régions bleue violette. Avec les plus fortes excitations 
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(coupure mm.), toute section tube est illuminée par décharge: 
observe une région centrale jaune citron entourée d’un large anneau blanc 
éblouissant. 

Lorsqu’on laisse température s’abaisser suffisamment cours d’une 
expérience, décharge devient irréguliére tube cesse s’illuminer. 
Mais brillant réapparait pendant quelques instants verse alors 
sur tube une certaine quantité d’eau froide, maniére produire 
refroidissement énergique. est trés probablement lié 
formation phosphore blanc par condensation vapeur sur paroi 
refroidie. 

Dans région reléve sur les clichés trés nombreuses 
raies, dont plupart ont été identifiées avec celles observées par d’autres 
expérimentateurs. Tableau renferme liste ces raies connues, 
dont les longueurs d’onde sont exprimées dans systéme international, 
d’aprés dont nom est mentionnée dans derniére colonne: 
(Geuter) (23, 25, 266), (Queney) (45), (Miss Saltmarsh) (49, 
intensités conventionnelles colonne) ont été estimées d’aprés 
spectre plus haute excitation. face chaque raie trouve indiqué 
TABLEAU III 


| | | | 
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groupe (Arc, E;, correspondant son aspect son évolution 
tension croissante. derniére colonne contient encore, s’il lieu, 
classée par Bowen (B.) (8, 9), Millikan Bowen (M.B. B.M.) (10, 40), 
Miss Saltmarsh (S.) (49, 50), McLennan McLay (L.L.) (31) Kiess (K.) 
(29). 

Dans Tableau III ont été réunies les raies sur les spectrogrammes 
faisant pas partie des listes publiées antérieurement. est probable 
que plupart d’entre elles appartiennent réellement phosphore. Celles 
qui rattachent nettement aux groupes II) sont indiquées 
par deux astérisques. Les longueurs d’onde ces raies nouvelles ont 
été déterminées, quelques d’angstrém prés, par comparaison avec 
les raies voisines. certain nombre raies doivent cependant attri- 

Tableau donne les longueurs d’onde quelques raies nouvelles 
quelques dixiémes prés) observées dans partie moins réfrangible 
spectre visible. Elles appartiennent trés probablement phosphore 
classent toutes dans groupe II). 


TABLEAU 
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Pour spectre d’arc les divers spectres d’étincelle, les observations sont 
accord presque rigoureux avec les attributions prévues par McLennan 
(PIII). spectral examiné, les raies sériées des deux premiers 
spectres d’étincelle définissent deux groupes homogénes nettement séparés, 
dans lesquels viennent ranger trés grand nombre raies supplémentaires. 
Ces derniéres présentent exactement les mémes caractéres d’évolution que les 
raies elles doivent attribuées aux centres d’émission 

Les triplets caractéristiques n’apparaissent qu’avec les plus puis- 
santes excitations réalisées. Quant aux raies attribuées par Millikan 
Bowen spectre (atome elles restent invisibles sur tous les 
spectrogrammes d’une seule: 3175.14). Cette absence est cer- 
tainement due des intensités mises jeu avec 
employée (transformateur condensateur). 

Les spectrogrammes des Fig. donnent une idée précision avec 
laquelle des divers groupes raies été effectuée. Les raies 
dont longueur d’onde est indiquée regard sur les clichés font partie des 
régularités découvertes par Millikan Bowen. particulier, distingue 
nettement trois raies III intenses d’évolution tout-a-fait caractéristique: 
4247, 4222 4080 Ces trois raies ont été décelées par Struve 
(38) dans les spectres des étoiles chaudes des premiéres subdivisions 
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classe (par exemple, 88y Pegasi), qui présentent également les raies carac- 

résumé, technique utilisée conduit effectivement séparation des 
spectres caractéristiques des différents degrés d’ionisation phos- 
phore. Les tableaux précédents peuvent servir point départ pour 
développement des classifications par Millikan Bowen. 

Les exemples précédents suffisent pour montrer procédé d’analyse 
expérimentale basée sur spectroscopique décharge sans électrodes. 
méme technique peut fournir des indications sur des ions par 
paroi tube (durcissement progressif des tubes gaz rares) sur les réactions 
chimiques qui produisent dans certains cas (formation réduit 
libération d’oxygéne, décomposition des chlorures). aurait intérét 
étudier systématiquement ces avec des gaz différents des verres 
compositions variées. cours nos expériences sur néon, 
nous avons relevé sur les spectrogrammes trés grand nombre raies 
silicium dont présence résulte d’unedésintégration appréciable 
des parois des tubes. L’examen d’une centaine raies nous 
classant les raies d’aprés leurs caractéres distinctifs d’évolution. 

mécanisme décharge sans électrodes semble pas encore com- 
plétement élucidé. est probable qu’une étude plus poussée 
des différentes régions tube, notamment des variations d’intensité 
certaines raies photographiées avec appareil rigoureusement stigmatique, 
apporterait une contribution importante connaissance répartition 
champ haute fréquence qui produit gaz. 
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THE EFFECT DIASTATIC MALT UPON THE LOAF 
VOLUMES COMMERCIAL 


Harris? 


Abstract 


series ten commercial flours different protein contents and baking 
strengths was baked variety methods determine the effect adding 
the dough progressively increasing quantities diastatic malt. The two 
lower malt concentrations, and respectively, increased the resulting loaf 
volumes every case, but the highest percentage malt, 6%, increased the 
loaf volume over the values obtained with and malt only when the 
highest protein flours were used. Flours which yielded unsatisfactory loaves 
when baked with the simple formula gave much better results when malt was 
added. 

The inclusion 0.002% potassium bromate increased the loaf volumes 
except the cases two flours evidently low diastatic power, where little 
improvement was shown the results with the simple formula. The further 
addition malt reacted very favorably with the higher protein members 
the series, but had effect upon these two flours. 

The addition and sucrose the simple formula did not prove 
beneficial the addition like quantities diastatic malt. 

significant relation was found between protein content and loaf volume 
the absence malt and bromate. 


Introduction 


the evaluation baking strength different investigators have had recourse 
the use diastatic malt the baking formula. The principal virtue 
this ingredient appears lie its ability render available constant supply 
fermentable carbohydrate for the yeast enzymes during the period 
fermentation. Flours low diastatic power may produce loaves satis- 
factory volume when baked with diastatic malt, provided the protein content 
sufficient and that the flour good condition. Malt largely used 
commercial bakeries, but this case the flavor imparted the bread may 
contributing factor. There tendency toward progressive darkening 
the loaf with increasing quantities malt, associated with loosening 
the texture and coarsening the grain. 

Geddes, Larmour and Malloch (3), when determining the baking value 
western Canadian wheats, employed formula containing diastatic malt and 
stressed the value this method when flours poor gas-producing power are 
used. response malt indicates that the gas production not sufficient 
make full use the gas-retaining capacity the dough, while low response 
indicates that the gas production already adequate that gas retention 
poor. These workers (3) used concentration diastatic malt. 

The investigations Herman and Hart (7) have also demonstrated the 
stimulative effect diastatic malt resulting increased loaf volumes. Harris 
(5) found that four flours widely different protein contents yielded higher 
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loaf volumes when baked with both potassium bromate and diastatic malt 
than when the bromate was used malt extract was also used 
(8) for the purpose differentiating between baking strength 
and diastatic activity. The concentration the extract was only 0.15%, but 
the yeast content, 0.7%, would make relatively small demand upon the 
fermentable sugar the dough. 

The danger yeast starvation fermenting doughs was discussed 
Harris (6) reference baking with cooked potato. found that while 
starvation was apparent with yeast and 2.5% sucrose the flours 
examined, the presence potato required the use diastatic malt the best 
results were obtained. The use malt also permitted the use higher 
yeast concentrations without detrimental effects. The malt concentration 
was 2%. 

consideration the value diastatic malt baking, the writer decided 
investigate the effect baking strength increasing dosages this 
superimposed upon the regular baking formula flour, sugar, salt, 
water and yeast. 


Materials and Methods 


series commercial flours various types was available for the study. 
These flours were produced from western Canadian hard spring wheat, contain- 
fairly wide range crude protein and ash content, and should quite 
representative Canadian hard wheat commercial flour. Descriptions 
these flours with crude protein and ash content are presented Table 


TABLE 
DESCRIPTION, CRUDE PROTEIN AND ASH CONTENT FLOURS 


Crude protein, Ash, 
Flour No. Description 
13.5% moisture basis) 
Unbleached middlings flour 11.2 
First patent flour, claimed unsatisfactory for 
baking 12.0 
Small mill straight (long extraction) 12.0 
Baker’s patent 13.4 
Baker’s patent milled from high protein 
wheat blend 15.8 
First clear flour 16.9 
Strong break flour (unbleached) 17.4 


The crude protein and ash contents are increased mixing various quantities clear flour 
with the this course also lowers the cost 


The methods used baking the flours were (a) the simple basic pro- 
cedure advocated Blish (1), and (b) various modifications consisting the 
addition other ingredients (improvers) the basic method, described 


é 
| | | 


EFFECT DIASTATIC MALT LOAF VOLUME 573 


the writer previous publications (4, methods will not discussed 
detail here. The malt was added, each case, from graduated cylinder, 
using mixture malt and water, cc. the fluid containing gm. malt. 
The potassium bromate was introduced means pipette, using stock 
solution, gm. bromate litre distilled water. The crude protein and 
ash were determined according standard methods used the American 
Association Cereal Chemists. 

Three concentrations malt were used, and 6%. While these last 
two dosages would doubtless considered very high, they were included 
determine the effect increasing the malt the highest possible concentration 
without causing detrimental effects. Two series bakings were also made with 
additional and sucrose respectively, for purposes comparison 
with the malt bakings. Bakings were likewise made with potassium bromate 
and malt, and also bromate without malt. 


Results 


The loaf volumes obtained from the ten flours baked the different methods 
are shown Table II. These results are calculated moisture basis 
13.5%. Baking scores were not computed, principally because the intense 
darkening caused the higher concentrations malt, which would have 
materially lowered the score. also seemed more pertinent determine 
the effect the malt concentrations upon loaf volume than upon other 


properties the loaf. 
TABLE 


VOLUMES OBTAINED USING THE VARIOUS BAKING FORMULAS (13.5% MOISTURE BASIS) 


Loaf volumes, cc. 


Malt 0.002% Sucrose 


Protein, 
oF. 


568 508 
552 494 
520 437 
585 535 
680 640 
616 675 
645 780 
550 560 
620 650 
740 780 
Average 583 608 634 606 554 


Examining first the volumes obtained with the simple formula, there appears 
regular tendency toward increase loaf volume with increasing 
protein content. Flours Nos. 62, 63, and when baked this method 
yielded very small loaves, while the strong break flour No. gave exception- 
ally large loaf. No. also produced very good loaf without the addition 
flour improver. 


Flour 
550 
446 
680 
560 
585 
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When the results obtained with diastatic malt are considered, there 
evident general increase loaf volume over the values yielded the simple 
formula. The three flours which previously gave low volumes yielded values 
quite similar those obtained with the other samples. concentration 
malt increased the volume every instance over the values from the 
simple formula, while malt enhanced this effect. The final treatment 
with malt appeared exert harmful influence, and for all except the 
last three higher-protein samples there shown decrease volume below the 
values obtained with malt. This would seem indicate that with 
exceptionally high protein flours this type possible add larger quanti- 
ties diastatic malt than are ordinarily used, with the production loaves 
increased volume. the case even the weakest flours the series, the 
results yielded with malt are higher than the values with the simple 
formula. Apparently, when malt superimposed the basic formula 
exerts influence similar other flour improvers, causing increase 
loaf volume, the degree increase response depending largely upon the 
protein content the flour. the malt concentration rises above certain 
limit falling-off volume evident, which again very similar the effect 
other improvers. was found with all the flours examined this study, 
that the addition malt the simple formula produced injurious 
effects. 

The bakings with potassium bromate yielded results very similar those 
obtained with the addition malt, with the exception Nos. and 63. 
These flours did not respond favorably bromate malt. The series 
containing malt addition the bromate showed higher volumes with 
the last two higher-protein flours. With flour No. especially was possible 
use larger quantities the malt. Sucrose did not appear increase the 
loaf volume much equal concentrations malt when added the simple 
formula. These findings are reflected the average loaf volume shown the 
foot the table. 

The mean loaf volumes obtained with all the flours the eight different 
baking methods are shown Table III. No. gave the lowest value those 
shown this table, and seemed quite unsatisfactory for baking purposes. 
No. was next order, and would be, considered rather poor baking 


TABLE III 
MEAN LOAF VOLUME EIGHT BAKING METHODS 


Loaf Loaf 
620 13.4 
672 15.8 
531 16.1 
618 16.9 
745 17.4 
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strength. The strong break flour, No. 70, showed the highest loaf volume; 
No. gave low results, due probably with lower quality flour. 

The mean responses the different improvers were calculated and are 
shown Table IV. These data were then arranged groups the basis 
protein content. The samples containing from 11.2 13.2% crude 
protein were placed the first group, those with 13.2 15.2% the second, 
those with 15.2 17.2% the third, and the last the group over 17.2%. 
The average responses for 
each group were then com- 
puted. The data thus 
arranged are given 
Table and shown 
graphically Fig. This 
figure exhibits striking 
similarity between the 
effect the various con- 
centrations malt; the 
and treatments are 
approximately parallel 
throughout, each showing 
tendency rise the 
final concentration 
17.4%. The baking data 
obtained with malt 
reveal sharper response 
with flours with more than 
13.5% protein, with 
very decided upward trend 
the 17.4% protein con- 
tent. The larger response 
shown the treatment 


Fic. Mean responses loaf volume different 
wit ate and baking tests. Legend: malt; malt; 


malt, the increase malt; bromate and malt; bromate; sucrose; 

protein, where the line makes very sharp upward rise. The response with 
bromate alone shows gradual increase with increasing protein, but the line 
tends level off the final protein content. The responses the addition 
sucrose did not reveal any decided increase with increasing protein, but 
indeed show slight tendency decrease with higher protein content. The 
bakings with sucrose, especially the higher protein concentration, 
appear out line with the other results. Fig. however shows that there 
general tendency toward increase response with higher concentrations 
malt, especially when the higher protein flours are considered. 


RESPONSE, CC. 


CRUDE FLOUR PROTEIN 
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TABLE 
RESPONSE TO MALT, BROMATE AND MALT, AND SUCROSE 
Response, cc. 
Flour Bromate, Protein, 


TABLE 


AVERAGE PROTEIN CONTENT AND AVERAGE RESPONSES OF FLOURS, ARRANGED IN 
GROUPS ON THE BASIS OF PROTEIN CONTENT 


Flour protein Average response, cc. 

Malt 

17-19 17.4 162 297 132 —28 


Discussion Correlation Coefficients 


The correlation coefficients computed between crude flour protein and loaf 
volume are shown Table significance these correlations may 
judged comparison with the points minimum significance according 
the number pairs observations. These values have been tabulated 
Fisher are pairs values involved and the and points are 
respectively .632 and .765. 

The coefficients calculated from baking methods which did not include malt 
bromate the formula are not significant. The presence flours low 
diastatic activity doubtless lowers the relation between protein and loaf 
volume the absence malt. Hence, would appear advisable include 
diastatic malt among the baking ingredients when baking series flours 
which might contain samples poor diastatic power. 
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TABLE 


CORRELATION COEFFICIENTS COMPUTED BETWEEN FLOUR PROTEIN AND LOAF VOLUME 
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Baking formula 


Simple 

Simple plus diastatic malt 

Simple plus diastatic malt 

Simple plus diastatic malt 

Simple plus 0.002% potassium bromate 

Simple plus 0.002% potassium bromate plus diastatic malt 
Simple plus sucrose 

Simple plus sucrose 


Correlation 


coefficient 
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WHEAT CAUSED USTILAGO UTRICULOSA 
DOCK-LEAVED 


Abstract 


Ustilago utriculosa (Nees) reported for the first time Canada pale 
dock-leaved persicary. isa loose smut, readily dispersed when passing through 
threshing machine. 

Infected persicary plants growing wheat field were harvested with the 
grain, and the threshing operation the grain was mechanically contaminated 
with smut spores. The grain was visibly covered with smut, but there was odor 
the case when wheat infested with bunt spores. 

Wheat contaminated with persicary loose smut spores seems subject the 
usual additional cost handling common wheat caused bunt. 
The effect persicary smut the loaf color was similar that bunt. These 
observations afford example the indirect ways which weeds may cause 
losses crop production. 


September, 1931, sample Garnet wheat was received from Chipman, 
Alberta, the Western Grain Inspection Division Office Edmonton. This 
sample was dark color owing the presence what appeared the eye 
numerous smut spores the crease and brush the kernels. The sample 
did not contain bunt balls and the characteristic odor wheat infected with 
bunt, stinking smut, and levis) was absent. The sample 
was submitted the senior writer Mr. Thompson the Grain Inspection 
Office for more detailed examination. 

The contents the crease and brush and the kernels were examined under 
the microscope and found consist numerous smut spores. These smut 
spores were similar the organism producing wheat bunt, the 
reticulations the spore surface, but they were only one-half two-thirds the 
usual size bunt spores. The difference the size the spores, and the 
absence the characteristic odor and bunt balls, made appear likely that 
the spores had come from some extraneous source. 

This suspicion was strengthened the fact that Garnet wheat possesses 
high degree resistance bunt, and the presence sufficient number 
spores visible the naked eye has been rare. testing spring wheats 
for reaction bunt, Garnet showed the least infection all the wheat 
varieties commonly grown western Canada field surveys Garnet 
was observed relatively free from bunt. During the winter 1930-31, 
125 random samples wheat grading were obtained from the 
Government Grain Inspection Office Edmonton. Only seven these were 
Garnet, determined growing test the following summer. Approx- 
imately 40% the cars graded that year the Edmonton office were Garnet, 
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but only 5.5% these grading were the Garnet variety. the 
growing test the 125 samples the following summer Garnet averaged less 
than bunt, Marquis 19% and Red Bobs 39%. seemed desirable view 
these facts undertake the definite identification the spores the sample 
Garnet originating Chipman. 

Samples this grain contained numerous seeds pale dock-leaved 
persicary (sometimes called smart-weed lady’s thumb), Polygonum lapa- 
thifolium L., wild buckwheat, Polygonum convolvulus L., and lamb’s quarters, 
Chenopodium album (Fig. D). 

The weed seeds were examined carefully and found sound and without 
any indication having been infected with smut. After second car wheat 
from the same growers was graded smutty, sheaf grain was obtained, from 
the field where the grain was produced, containing large percentage weeds, 
especially persicary (Fig. A). Approximately one-half the persicary 
plants were heavily infected with smut (Fig. B). The inflorescence 
the diseased plants consisted smut balls, instead seed, which under very 
slight pressure broke and produced dusky violet mass powdery spores 
(Fig. C). The smut was determined Ustilago utriculosa (Nees) Tul. 
Polygonum lapathifolium commonly known the pale dock-leaved 
persicary. The host weed found scattered across Canada. The identifica- 
tion the smut was confirmed Mr. Conners, Division Botany, 
Ottawa, Canada. letter stated that had examined specimens 
this smut Polygonum pennsylvanicum from Fredericton, New Bruns- 
wick, 1931, and that the smut had also been reported this year Poly- 
gonum persicaria from Queen’s County, Prince Edward Island, Canada. 
The smut widely distributed the United States the sub-genus Persicaria, 
which the above hosts belong. also reported from South America, 
Europe, Asia, and Australia. 

The spores utriculosa from persicary were identical with those the 
kernels from the wheat grown the same field. the threshing the seed 
cases containing spores would broken readily and their contents mixed 
with the threshed grain. The wind pressure from the blower would force the 
spores into the creases and brushes the wheat kernels, from which they 
would not easily dislodged. 

While microscopic examination failed show any spores which were 
identical with bunt spores further check their possible presence the 
sample was made growing the grain under optimum conditions for bunt 
infection. This was done placing the germinating seed refrigerator 
with temperature 10°C. which the optimum temperature for infection 
with tritici. Previous experiments with bunt wheat, not yet published, 
indicated that the number bunted heads are much greater resistant 
varieties when sown the fall, when the days are short and the plant growth 
slow, than the spring summer, when the days are longer and the plant 
growth more rapid. this experiment the seed was sown November 
the greenhouse, consequently the infection percentage Garnet was high 
and not representative its reaction bunt when spring sown. Both species 
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Tilletia found commonly western Canada were used artificial inoculum. 
Kota, variety spring wheat which very susceptible bunt, was included 
asacheck. The results are given Table 


TABLE 


BUNT INFECTION GARNET INFESTED WITH Ustilago utriculosa AND GARNET AND 
KOTA ARTIFICIALLY INOCULATED WITH tritici 
AND levis 


Number plants 


Variety and sample Inoculum 
| € 
Garnet from Car Seed naturally infested with Us- 
utriculosa 
Garnet from Car Seed naturally infested with Us- 


tilago utriculosa 


Garnet from Car 


Seed naturally infested with Us- 
and 


tilago utriculosa and artificially 
inoculated with levis 


Garnet from Car Seed naturally infested with Us- 
inoculated with Tilletia 


Kota Seed artificially inoculated with 
Tilletia 


Kota Seed artificially inoculated with 
Tilletia levis 


the above experiment the high percentages bunted plants Garnet and 
Kota, when inoculated with spores tritici and levis, indicate that 
optimum conditions prevailed for successful infection. Under these condi- 
tions the Garnet samples infested with utriculosa gave indication 
having Tilletia spores present, since not single plant became bunted. 
examination the sheaves grain from the infested field failed show any 
bunted wheat heads. 

Even though was definitely demonstrated that the smut the threshed 
grain was not bunt, the question still remained whether was detri- 
mental from the standpoint milling and baking quality. The problem was 
unique and there appeared precedent upon which opinion might 
have been based. Through the kindness Mr. Boyle, the Alberta 
Wheat Pool, larger samples were obtained for milling and baking tests the 
University Alberta. was unfortunate that smut-free sample from the 
same field could not obtained. control sample was, therefore, available. 

was felt, however, that comparison with normal and artificially smutted 
samples Garnet would give indication whether contamination with 
persicary smut detrimental milling and baking quality. Accordingly, 
the following samples were tested: 
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PLATE 


A—Sprig persicary (Polygonum lapathifolium) 
B—Sprig persicary (Polygonum lapathifolium) 
C—Powdery spore mass Ustilago utriculosa. 


D—Garnet wheat heavily smutted with spores Ustilago utriculosa and containing 
mixture persicary seeds. 
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No. sample clean Garnet grown the experimental plots the 
University. 

No. Similar sample No. but artificially contaminated with bunt 
spores. 

No. Garnet from Chipman infested with persicary smut. 

No. Similar No. except that grain was artificially contaminated 
with bunt spores. 

The two samples Garnet from Edmonton naturally are not entirely 
comparable with those from Chipman since the two fields are approximately 
miles apart. Climate and soil conditions, however, are similar the two 
regions. grain from both places was similar vitreousness, plumpness 
and grade. 

Previous milling, all four samples were cleaned fanning 
mill. All weed seeds and other foreign material were removed. They were 
then run through horizontal wheat scourer. The grain was 
thoroughly scoured that practically all the brush was removed well 
considerable portion the bran layers. After this treatment the kernels 
were examined under the microscope. The grain samples Nos. and 
still contained large number spores the crease and the brush end. 
sample No. spores both the persicary smut and wheat bunt were present 
approximately equal numbers. These results indicate that milling prac- 
tice thorough washing would necessary addition scouring order 
remove the smut spores. 

After scouring, the samples were milled and baked order note the 
effect the smuts the loaf volumes, texture and color. Simple and bromate 
tests were run each sample. The loaf volumes are given Table II. 


TABLE 


LOAF VOLUMES OF SAMPLES OF GARNET WHEAT WHEN INFESTED WITH 
PERSICARY SMUT AND WHEAT BUNT SPORES 


Loaf volume 
Simple bake Bromate bake 
Edmonton Clean 529 623 
Edmonton Bunt 540 661 
Chipman Persicary smut 548 
Chipman Persicary smut and bunt 494 514 


The baking tests were run duplicate and show the usual variability 
loaf volume. The differences are not significant, with the possible exception 
sample No. which was contaminated with both smuts. There slight 
reduction loaf volume. There were differences the color the crust 
shape loaf. odor was perceptible the loaves baked from flour 
containing bunt. 

There was slightly grayish tinge the loaves baked from samples Nos. 
and and one sample No. which contained both smuts. 
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All the samples were markedly yellow. the basic color the flour been 
white the grey tinge would have been much more noticeable. The important 
fact that the color the sample contaminated with persicary smut was 
practically identical with that the sample artificially contaminated with 
bunt. probable that the wheat question would have treated the 
same manner bunted wheat before satisfactory flour could made from it. 


Discussion 


Weeds are recognized being responsible for some the greatest difficulties 
crop production. Their control one the oldest and most expensive 
operations agriculture. Weeds are injurious many ways, the most 
important being the direct competition with the crop plants. This results 
decrease crop yields and increase the cost production. More 
indirect effects are the harboring insects and diseases weeds and the 
decrease the land values. They also are the cause certain diseases 
man and animals. 

One effect weeds crop production not often mentioned the effect 
quality thecrop. usually brought about indirectly, through competi- 
tion for nutrients, moisture and sunlight. the weeds are diseased they 
may serve important sources inoculum for crop plants. Even though the 
organism causing the disease does not attack the crop plant may have very 
detrimental effect the quality the crop and its market value. Loose 
smut the dock-leaved persicary when present wheat field excellent 
example this type damage from weeds. The average loss per car 
wheat which grades approximately fifty dollars. While the loss 
caused the competition between the wheat plants and the weeds the 
field greater one than that caused the smut, yet the loss from smut 
very specific one which can readily appreciated. one more good 
reason for weed control. 

Reference 


Varietal trials, physiologic specialization, and breeding spring wheats for 
resistance and levis. Can. Research, 501-528. 1931. 
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NON-SPECIFIC COMPLEMENT FIXATION REACTION 
DUE ION 


HAMBLETON? 


Abstract 


The complement fixation test for tuberculosis gives non-specific falsely 
positive reaction balanced physiological saline, akin Tyrode’s solution, 
replaces the plain saline used the test. The balanced saline must contain 
both calcium and magnesium appropriate concentration. The non-specific 
reaction given most strongly Petroff’s whole bacillus antigen, and not all 
tubercle bacillus antigens. The main features the reaction, and 
its relation antagonistic effects sodium and calcium ions, are indicated. 


There exists extensive literature having reference non-specific comple- 
ment fixation reactions, and the false interpretation these reactions still 
constitutes limitation the serological diagnosis disease. Concerning the 
nature the substances which produce the non-specific reaction, little 
known, although the mechanism the reaction appears similar that 
the specific complement fixation reactions. each case the antigen sen- 
sitized, some serum component modifies the antigen that complement 
adsorbed. For example, the non-specific complement fixation reactions 
caused certain bacteria and normal serum, Mackie and Finkelstein (8) have 
pointed out that complement fixing agent the serum ‘adsorbed’ 
bacteria, which became ‘sensitized’ this 

The non-specific reaction described this paper distinct from those 
which the writer has referred above that only traces inorganic salts are 
used confer the antigen the ability fix complement. The essential 
features this new non-specific reaction will described here, and the 
mechanism the reaction and its bearing upon immune reactions general 
will indicated second paper (5). 


Part Experimental 


Origin these Experiments. The non-specific reaction indicated above was 
first observed protein free sample which had been dialyzed against flowing 
tap water. This sample gave clear positive reaction the tuberculo-comple- 
ment fixation test (hereinafter denoted T.C.F. test), whereas similar material 
dialyzed against distilled water gave negative reaction. neither case was 
the sample anticomplementary. 
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Trial showed that the tap water alone*, being made isotonic with sodium 
chloride, gave positive T.C.F. test, and that similar results could obtained 
using appropriate and quite dilute solution calcium chloride and 
magnesium chloride physiological saline (0.9% sodium chloride). well 
known course that either these two salts when sufficiently concentrated 
(about 0.25%) will inhibit hemolysis. There also reference (1, p.920) the 
fact that either these salts very low concentration will assist hemolysis. 
Neither these observations explains the apparently positive results which 
were obtained above, complete hemolysis the absence tubercle 
bacillus antigen, and hemolysis when the antigen was present. 


Characteristics the Non-specific Reaction 


Both calcium and magnesium are required produce non-specific reaction. 
Used separately, appropriate concentrations (0.012%) calcium chloride 
magnesium chloride produce weak non-specific reactions indicated above, 
but only when both are present that the reaction strong. The required 
ratio between the amounts calcium chloride and magnesium chloride 
not critical; chloride magnesium ratios between 
and are satisfactory. However, when the calcium chloride 
magnesium chloride ratio increased strong fixation com- 
plement does not occur. the following experiments have used three 
parts (by weight the anhydrous salts) calcium chloride one part 
magnesium chloride, since this approximates the molecular calcium 
magnesium ratio which present both the tap water originally used, and 

Test Proper (Antigen also blood serum. 

Anticomplementary Control (Antigen Absent) The 
over only very limited 
range concentration cal- 
cium chloride plus magnesium 
chloride that this non-specific 
reaction occurs, when the 
total amount calcium chlor- 
ide plus magnesium chloride 
present from 0.007% 
0.036%. This range varies 
Concentration somewhat with the antigenic 


Fic. phenomenon produced increasing value the antigen employ- 
amounts calcium chloride and magnesium chloride. ed, but the concentration 


Units of Complement Needed to 
Cause Complete Hemolysis 


+053 


*The tap water supplied part the city London, Ontario, and this Institution comes 
from springs. Its analysis, furnished the Public Utilities Commission, follows:—total 
solids, 287 calcium carbonate, 185 magnesium carbonate, magnesium sulphate, 35.7 ;magnesium 
chloride, 1.0; silicates, 12.6 iron and aluminium oxides, sodium chloride, 8.1; sodium nitrate, 
12.1; ammonium chloride, The figures given are parts per million. interest that 
with some antigens, e.g., one made boiling ground tubercle bacilli water, this tap water gives 
much stronger non-specific reactions than does any solution containing only calcium chloride and 
magnesium chloride. Trial has shown that the bicarbonates and the soluble silicates the water 
responsible for increasing the non-specific reaction caused the calcium chloride and magnesium 
chloride. 
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calcium chloride plus magnesium chloride which gives the strongest reactions 
remains constant approximately 0.012%. 

Fig. shows the nature this zone phenomenon the non-specific T.C.F. 
reaction; indicates the amount complement which required cause 
complete hemolysis when varying concentrations calcium chloride plus 
magnesium chloride are used the presence and absence antigen res- 
pectively. the absence antigen little one-third unit comple- 
ment may cause complete hemolysis when the concentration calcium chloride 
plus magnesium chloride 0.02%. With the presence antigen this same 
concentration calcium chloride plus magnesium chloride, even four units 
complement fail cause hemolysis; other words the results are those 
strongly positive test. 

the concentration calcium chloride plus magnesium chloride exceeds 
0.036% the test gives the correct negative result, complete hemolysis both 
the test proper and the anticomplementary control. This persists until 
the concentration calcium chloride plus magnesium chloride approaches 
0.25%, when hemolysis inhibited, regardless the presence absence 
antigen, the sample becomes anticomplementary. Over the range con- 
centration which gives this non-specific reaction there present from 0.43 
2.2 moles calcium plus magnesium for each 100 moles 
very significant, since solutions with the ratio one two moles calcium 
for every 100 moles sodium have distinctive physiological properties. Such 
solutions are referred ‘‘balanced physiological salines’’, since the destruc- 
tive effect which either sodium chloride calcium chloride alone exerts upon 
cell life balanced and eliminated when the two salts are present this ratio. 
The membranes living cells, largely lipoid nature, become more permeable 
water when plain sodium chloride solution, while calcium salts have the 
reverse effect and greatly reduce the permeability the cell wall. These 
opposite effects produced calcium and sodium ions, briefly designated 
can demonstrated very clearly oil-water interfaces, 
and are interpreted Clowes (3) result from the fact that the fatty acids 
the oil form sodium and calcium have opposite physical properties. 
The sodium salts are soluble water and insoluble oil, while the calcium 
salts are soluble oil but insoluble water. the wall the living cell 
other factors than these are also involved, but clear from the work 
Loeb (7, 317), Osterhout (12, 13) and others that only when calcium and 
sodium salts are.present the ratio indicated above does the cell wall have 
that measure permeability which most favorable cell life. The work 
Clowes will referred later attempt explain why the non-specific 
T.C.F. reaction occurs only the presence balanced saline. 

The technique used for the T.C.F. test these experiments given 
Table The volumes given are cubic centimetres. 

After incubation for hr. 38° the water bath, there added 
each tube:—amboceptor units), 0.1 cc.; red cells (3% suspension), 0.2 cc. 
The samples are then returned the water bath for min. before reading. 
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TABLE 
TECHNIQUE USED FOR THE TUBERCULO-COMPLEMENT-FIXATION REACTIONS 


True Non-specific Anticomplementary 
positive false control the 
test positive test non-specific test 
Immune serum, suitably diluted 0.1 
Complement units) 0.2 0.2 0.2 0.2 
Antigen 10) 0.1 0.1 0.1 
0.09% saline 0.1 0.1 
0.03% saline 0.1 0.1 
Saline 0.6 0.5 0.7 0.6 


Hemolysis inhibited both the true positive and the non-specific 
reactions.* Complete hemolysis occurs the negative tests and the anti- 
complementary controls. The solutions calcium chloride and magnesium 
chloride indicated above are made diluting isotonic (1.0%) solutions these 
salts with plain saline give the desired concentration. The term 
specific reaction” used this paper indicate this false positive reaction 
due the presence appropriate amounts calcium and magnesium salts. 
The normal complement fixation reaction caused immune serum referred 

the total concentration calcium chloride plus magnesium chloride 
sample refer the concentration these salts which present during the 
preliminary 1}-hr. incubation the antigen and complement, before the cells 
and amboceptor are plain saline used this work 0.9% sodium 
chloride, while the term used here refers specifically 
solution containing 0.888% sodium chloride, 0.009% calcium chloride and 
0.003% magnesium chloride, this concentration that the most pro- 
nounced non-specific reactions occur. 

Incubation Period Required. the true tuberculo-complement-fixation 
test preliminary incubation the antibody, antigen and complement for 
min. 38° required for sensitization the antigen and fixation 
complement. Likewise this non-specific reaction, this same period 
incubation 38° complement, antigen and balanced saline required. 
this preliminary incubation omitted, the calcium chloride plus magnesium 
chloride accelerate the hemolysis the red cells, regardless the presence 
absence antigen, that the results are those negative test. Incubation 
for one and two hours 20° C., overnight incubation the ice box, does 
not result this non-specific fixation complement. 

Further information the nature the non-specific reaction obtained 
only two the three prime ingredients (complement, antigen, and calcium 
chloride plus magnesium chloride) are mixed and incubated for hr. 
38° C., the third ingredient being incubated alone, and then added the other 


the samples are centrifuged completion the test remove the red cells, can often 
observed that inhibition hemolysis only 90% complete the non-specific reaction. 
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two when the cells and hemolytic amboceptor are added. Using this procedure 
only when antigen and complement are mixed and incubated together 
that the non-specific reaction calcium chloride plusmagnesium 
chloride being added along with the cells and amboceptor. When complement 
and balanced saline are mixed and incubated, antigen and balanced saline 
are mixed and incubated, there inhibition hemolysis adding the 
third ingredient and the hemolytic mixture. 

These results indicate interesting point which was confirmed later 
cataphoresis experiments, namely, that although appreciable amount 
complement when incubated with tubercle bacillus antigen plain 
saline, nevertheless, union takes place between the antigen and some part the 
normal guinea pig serum used for complement. This serum component, pre- 
sumably protein, irreversibly adsorbed the antigen will shown later, 
and certain extent this corresponds the sensitization the antigen 
immune tuberculosis serum. But while the truly sensitized antigen fixes com- 
plement plain sodium chloride solution, the antigen normal serum complex 
fixes complement only the presence balanced saline, saline containing 
certain concentration calcium chloride plus magnesium chloride. 

Complement Fixation Undiluted 
Serum. Since undiluted blood serum 
itself balanced solution containing 
sodium, calcium and magnesium 
approximately the concentrations used 
this experiment, would expect 
antigen tofix inactivate complement 
when incubated with undiluted guinea 
pig serum. This was found occur, 
the complement being completely in- 
activated. 

However, exactly the same results 

were obtained when the calcium was 
first removed from the undiluted 
guinea pig serum means slight 
excess oxalate, that this fixation 
complement has direct relation 
the problem under discussion. Con- 
trol tubes containing antigen 
showed that the complement was not 
mentary the oxalate employed. 
Accordingly, found that the tubercle bacillus, the products which 
secretes the tuberculous animal, inactivate complement vivo, this cannot 
attributed the balanced proportions calcium, magnesium and sodium 
ions the body fluids. 

Inhibition the Non-specific Reaction Citrate. Many biological and 
physical effects due calcium ions may eliminated the use appro- 


—Test Proper (Antigen Present) 
Anticomplentary Control (Antigen Absent) 
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priate amount sodium citrate. According Marriott (9) citrate represses 
the ionization calcium salts. Clowes (3) has shown that the same ratio 
between calcium chloride and sodium citrate required (a) zero 
effect upon oil-water interfacial tension; (b) minimum toxic effect when injected 
into mice; (c) inhibition the clotting blood; (d) elimination the anti- 
hemolytic effect which caused either M/10 calcium chloride M/15 
sodium citrate when used separately. Trial showed that the non-specific 
T.C.F. reaction due calcium chloride plus magnesium chloride could also 
eliminated the use citrate, the result being shown Fig. The isotonic 
sodium citrate (2.1%)* was adjusted 7.4 adding small amount 
hydrochloric acid. Increasing amounts this citrate were added tubes 
along with the balanced saline, complement and antigen required produce 
the false positive reaction. Anticomplementary controls containing antigen 
were also prepared. 

the left Fig. indicated the point where the calcium chloride 
plus magnesium chloride caused the typical non-specific reaction. With in- 
creasing amounts citrate the non-specific reaction was eliminated shown 
and the sample then gave the correct negative result. Use larger 
amounts citrate caused anticomplementary effect, shown due 
excess citrate. Although the presence suitable amounts citrate pre- 
vented this non-specific reaction from taking place, the addition citrate 
after the non-specific reaction had occurred after hr. incubation 
balanced saline, complement and antigen) produced effect. other 
words the complement was irreversibly fixed the antigen. Similarly, 
after the non-specific reaction the calcium was removed oxalate precipita- 
tion, the antigen did not give the adsorbed complement active state, 
was indicated lack hemolysis. The writer has not this work en- 
countered any condition whereby complement which has been 
tubercle bacillus antigen can and recovered its active state. 

Clowes (3) used sufficient citrate convert isotonic solution calcium 
chloride into (so far calcium ions were concerned) physiologically balanced 
solution. his non-specific reactions the writer starts with balanced saline, 
and the above experiment added citrate until the balanced saline reacted like 
plain sodium chloride. appropriate calcium citrate ratio this experi- 
ment accordingly entirely different from that found the work Clowes. 

Concerning the Antigen. Only those tubercle bacillus antigens which are 
partly entirely lipoidal nature give this non-specific reaction. 
ground bacilli for three successive periods hr. each with 

*There some divergence opinion upon isotonic strengths solutions. From our present 
point view, solution regarded isotonic when just sufficiently strong that prevents hemolysis 
sheep red cells during min. incubation 38° Arbitrary rules such those which take 
M/8 concentrations divalent salts, solutions trivalent salts, being isotonic, have 
caused much confusion serology. For example, sodium sulphate reported have anti- 
complementary effect (1, 920), which true for concentrations. But 1.1% 


solution sodium sulphate (0.0775 causes anticomplementary effect even when this solution 
forms 50% the total volume the T.C.F. test, nor does this alter the titre the sample. 


was done Soxhlet type extraction apparatus which operated under reduced air 


pressure lower the boiling points the solvents. description this apparatus will published 
the Journal Biological Chemistry for December, 
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acetone, chloroform and alcohol 35° C., residue antigen 
was obtained which was efficient the true T.C.F. reaction, but failed entirely 
give these non-specific reactions. the acetone methyl alcohol extracts 
were added the antigen, resumed its ability give non-specific 
reactions. The same result was obtained, although less pronounced degree, 
small amounts olive oil heavy petroleum were emulsified the 
antigen. 

The antigen used most frequently this work similar the whole bacillus 
antigen Petroff (15); the writer used twice the amount ground tubercle 
bacilli that Petroff’s directions call for, and used the antigen dilution 
instead 30*. The diluted antigen was centrifuged for min. 
1,800 r.p.m., and only the supernatant liquid used. The anticomplement- 
ary effect the amount this antigen used these experiments was not more 
than 0.1 unit complement, and was usually appreciably less than this. 

The method used preparing the Petroff type antigen follows: the 
ground bacilli are extracted with toluene, and from the mixture bacillary 
residue and extract the toluene allowed evaporate, thus forming coating 
lipoidal material the bacillary fragments. probably account 
the large lipoidal surface exposed that the Petroff type antigen gave this 
non-specific reaction much more distinctly than did any other type tubercle- 
lipoid antigen. 

using smaller amounts antigen, this non-specific reaction could 
weakened eliminated. Usually 0.1 cc. the centrifuged antigen 
was required assure strong non-specific reactions, although little 0.0025 
this same dilution antigen fixed two units complement when sen- 
sitized with very strongly immune tuberculosis serum. was observed 
that after aging the Petroff type antigen for two months its antigenic power 
the true T.C.F. reaction was essentially unchanged, while its ability cause 
the non-specific reaction had largely disappeared. 

sample Wassermann antigen, which was tried wide range con- 
centration, failed give any non-specific complement fixation the presence 
balanced saline. tentative explanation for this will indicated 
later paper. 

Inhibition Hemolysis Excess Complement. the presence 
balanced saline and antigen, the addition increasing amounts complement 
times inhibits hemolysis. When one unit complement present 
produces hemolysis, whereas two, three four units complement are 
present hemolysis occurs. previously noted, all these samples are in- 
cubated hr. 38° before adding the sensitized red cells. This pheno- 
menon has occurred frequently the course this work, but not with 
perfect regularity, nor can the factors necessary produce this result 
stated with certainty. Efforts produce this same effect keeping the 


*The writer has always found that considerable portion the ground bacilli was too coarse 
stay colloidal suspension; further portion the coarser particles removed centrifugation 
and discarded. Hence the antigen employed probably not more concentrated than that used 
Petroff, who appears have dispersed almost all the tubercle bacilli into stable colloidal state. 
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volume complement constant and adding increasing amounts inert serum 
(human serum albumin normal rabbit serum) were unsuccessful. The usual 
effect inert serum was inhibit, partly completely, the non-specific reac- 
tions described this paper. However, this type prezone phenomenon 
occurred more consistently and clearly when 0.2 cc. 10% fresh egg-white 

solution was present each 


False Positive Reaction with Fresh Egg White tube the non-specific 
each Tube 


one unit complement caused 
hemolysis, two, three four 
units complement inhibited 
hemolysis, while still larger 
amounts complement again 
caused hemolysis. These in- 
further the writer, who has 
hemolysis caused excess satisfactory explanation for 
them. the course some 
thousands routine T.C.F. tests the sera tuberculous patients the 
Queen Alexandra Sanatorium, such effect was ever observed. 

Calcium Requirements the True Complement Fixation Reaction. 
important know whether the presence calcium salts essential the true 
complement fixation reaction. examine this, the small amount calcium 
present all the normal reagents for the T.C.F. test, antigen, amboceptor 
and complement, was removed adding sufficient potassium oxalate com- 
pletely precipitate the calcium. After two hours the calcium oxalate preci- 
pitates were removed centrifugation. The red cells were allowed 
stand for two hours saline containing 0.1% potassium oxalate, and were 
then well washed plain saline. titrating these reagents was found that 
they all reacted normally, and showed appreciable change strength. 
sample known positive serum, from which the calcium had been similarly 
removed, was then tested with these calcium-free reagents; gave the normal 
positive reaction, without anticomplementary effect. Accordingly, the presence 
small amounts calcium the reagents sample not essential for the 
true T.C.F. reaction. 

Effect Balanced Saline the True Complement Fixation Reaction. 
the presence balanced saline and small amount antigen (e.g., only one- 
tenth the antigen needed give false positive reaction), the normal T.C.F. 
test upon immune serum may carried out. The presence the calcium 
chloride plus magnesium chloride does not increase the amount complement 
fixed the sensitized antigen, but apparently has the reverse effect. When 
successive dilutions antigen which had been sensitized immune serum 
were incubated for one hour with two units complement, both plain saline 
and balanced saline, was found that with the balanced saline twice 
much sensitized antigen was needed inhibit hemolysis was needed when 
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plain saline was used. possible that these results not indicate that 
balanced saline tends inhibit the fixation complement the sensitized 
antigen. indicated earlier, complement almost three times more effective 
causing hemolysis when balanced saline than when plain saline, 
and this may the cause the greater hemolysis observed the balanced 
saline the above experiment. 


Part II. Theoretical Considerations 


The observed facts connection with this non-specific reaction have been 
described the foregoing section. Table gives the concentrations metallic 
ions Ringer’s solution (17), the balanced solutions used produce the non- 
specific complement fixation reaction, and human blood serum (6, 357). 
Ringer’s solution contains magnesium salts, but has calcium concentration 


TABLE 


CONCENTRATIONS OF METALLIC IONS IN RINGER’S SOLUTION, THE BALANCED SOLUTIONS 
USED TO PRODUCE THE NON-SPECIFIC COMPLEMENT FIXATION REACTION, 
AND HUMAN BLOOD SERUM 


Molar concentration 


produce the non-specific Optimal and concentration .152 .0003 
T.C.F. reaction Highest and concentration .152 .0010 
Human blood serum -144 .0025 .0010 


exactly equal the total calcium plus magnesium concentration which gave 
the strongest non-specific T.C.F. reaction. The highest concentrations 
calcium and magnesium which gave the non-specific reaction are the same 
the calcium and magnesium concentrations blood serum. 

There remains given tentative answer the why does 
the non-specific reaction occur only over this limited range calcium and 
magnesium concentration and, why this also the range concentration 
which biologists have repeatedly found essential cell life 

Since the non-specific T.C.F. reaction occurs only with lipoid antigens, and 
the membranes living cells are also largely lipoidal nature, the writer 
quotes from the work Clowes (3) who studied the effects ion antagonism 
oil-water interfaces. understood, course, that when full 
knowledge the nature ion antagonism available will include pheno- 
mena which are not related colloids lipoids, shown the work 
Simms (16), Pascoe (14) and others. 

That particular ratio sodium calcium and magnesium which optimal 
for producing the non-specific T.C.F. reaction also approximately that ratio 
which essential many forms cell life. Again, mixture these salts 
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the above ratio has effect upon the stability and surface tension oil- 
water interfaces, although when used separately each these salts disturbs 
conditions oil-water system. appears probable that these three 
phenomena, occurring they each case essentially lipoid-water 
interface and the same ratio sodium calcium and magnesium, are 
manifestations one underlying cause. 

has been shown Clowes that 
while sodium oleate stabilizes oil-in- 
water emulsion and calcium oleate sta- 
bilizes water-in-oil emulsion, mixture 
these two salts suitable proportion 
gives rise unstable system which 
the two phases separate rapidly, 
stable emulsion formed. These rela- 
tions are shown Fig. which re- 
produced from the article Clowes. 
Upon these oil-water systems, sodium 
chloride and calcium chloride exert 


the state equilibrium when antagonistic effects, approximately 100 


neither oil-in-water nor water-in-oil type moles sodium chloride tending 
emulsion predominates. B=oil; 


film. stabilize oil-in-water emulsion the 

same degree that one mole calcium 
chloride tends invert the phases and stabilize water-in-oil emulsion. 
Provided that sodium chloride and calcium chloride are added this ratio 
100 effect produced upon the oil-water system. 

Referring this work Clowes and its bearing upon changes the 
permeability the cell wall produced sodium calcium ions, Gortner 
(4, 273) states, interprets these results changes protoplasmic 
emulsions, due the effect the specific ions, regarding the plasma membrane 
emulsion fairly closely balanced between oil-in-water and water-in-oil 
types, the NaCl causing more complete peptization the cell membrane 
and forming more perfect oil-in-water type, the causing inversion 
water-in-oil type. Eventually (excess of) either NaCl breaks the 
emulsion causing separation the two phases with the ensuing death the 
organism.”’ 

the intricate lipoid-protein complex which constitutes the living cell 
membrane, the state designated above ‘‘an emulsion fairly closely balanced 
between oil-in-water and water-in-oil types’’ appears the counterpart 
that state, the simple oil-water system described Clowes, which neither 
oil-in-water nor water-in-oil type emulsion predominates. However, 
the last sentence the above quotation Gortner completely misinterprets 
the experimental evidence described Clowes. While true that under 
appropriate conditions solutions either sodium chloride calcium chloride 
will crack oil-water emulsion, such solutions are outside the conditions and 
the range concentrations which are under discussion. Slight changes 
either sodium calcium concentration from the critical 100 ratio not 
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crack the emulsion, but stabilize the emulsion. Life essentially condition 
unstable equilibrium, equilibrium which finely adjusted and, 
limited extent, under the control the living organism. Any treatment which 
results the formation equilibrium which stable, and hence beyond the 
ability the organism control and adjust, would cause death the 
organism. 

these grounds the critical ratio sodium calcium which obtains 
balanced physiological solutions appears essential cell life because 
maintains the cell membrane state unstable equilibrium. Solutions 
which not contain balanced proportions the antagonistic sodium and 
calcium ions convert the cell membrane into stable phase, the properties 
which the organism cannot manipulate meet its requirements, and this 
leads the death the organism. 

Relating this the non-specific complement fixation reaction, two points 
must kept mind: 

That all true complement fixation reactions, the sensitized antigen 
particles acquire tendency agglutinate cohere the same time that 
they acquire the ability fix complement. 

will described detail second paper, the non-specific T.C.F. 
reaction the presence balanced saline) the antigen likewise acquires 
the power agglutinate and fix complement. 

The experiments Northrop and Kruif (11) and later Mudd (10) 
have shown the relation the ‘‘cohesive which leads agglutination 
the degree sensitization the antigen bacteria. far the writer 
can find, the nature this ‘‘cohesive has never been explained, but 
would suggest that the presence the appropriate ratio sodium calcium 
and magnesium balanced saline) the non-specific reaction may produce 
condition unstable equilibrium, similar that described above for the 
living cell the lipoid-protein surfaces the antigen. has 
also been shown experiment that simultaneously confers the antigen 
cohesive and complement fixing properties. Hence the writer suggests that 
the which leads agglutination antigen particles the 
non-specific reaction the outcome state unstable equilibrium being 
produced the surface the antigen. oil-water emulsion, under such 
conditions lead unstable equilibrium, separates quickly, the small drops 
uniting into larger aggregates until the oil and water phases have completely 
separated, and analogous this there the non-specific T.C.F. reaction 
the agglutination antigen particles, with concomitant fixation complement. 

Hence the writer tentatively suggests that the non-specific complement fixation 
reaction occurs definite sodium calcium (plus magnesium) ratio because 
this ratio such produce the surface the antigen particles that state 
unstable equilibrium which leads agglutination, and hence complement fixation. 

The writer does not know why the presence both magnesium and calcium 
gives stronger non-specific reactions than does either these alone. parallel 
observation was made Loeb (7, 317) that both and magnesium 
salts are essential the well-being certain marine organisms. course, 
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the surface the antigen not simple oil-water interface such Clowes 
studied, but probably lipoid-protein adsorption complex, and the effect 
the magnesium may due its peculiar abilities react with amino acids 
and hence with proteins 18). 

Referring the cohesiveness produced antigens immune serum, the 
writer has evidence suggest whether this due some factor entirely 
distinct from the unstable surface equilibrium indicated the non-specific 
reaction. would great interest measure the cohesive force between 
those unicellular organisms which are sensitive deviations from the appro- 
priate sodium calcium ratio, both when these organisms are suspended 
plain saline and when balanced physiological saline. The view which 
presented here would part confirmed if, would expected from the 
foregoing, cohesiveness greater the balanced saline. Mudd’s resuspension 
method (10) would better adapted these measurements than Northrop 
and (11) torsion balance method, since the latter necessary 
dry the organisms and heat them 60° 

was pointed out earlier this paper that the presence balanced 
saline the hemolytic power complement almost three times greater than 
when the complement used plain sodium chloride solution. Similarly, 
Andreesco (2) has shown that small amounts sodium bicarbonate increase 
the hemolytic efficiency complement. This suggests that the blood, which 
contains both sodium bicarbonate and balanced proportions sodium 
calcium and magnesium, maintains suitable conditions for assisting native 
complement exert its greatest efficiency, and that some all the tests for 
measuring vitro the bacteriolytic power immune sera and complement 
should carried out solution. 

conclusion, should pointed out that this article does not criticize the 
validity the routine tuberculo-complement-fixation test, the conditions 
normally used this test not lead this non-specific reaction. 


Summary 


non-specific falsely positive tuberculo-complement-fixation reaction 
described. 

The use lipoidal antigens, and the presence balanced physiological 
saline, similar Ringer’s solution, needed produce these 
non-specific reactions. 

tentative hypothesis, based upon physico-chemical effects oil-water 
interfaces, advanced explain why the particular sodium calcium ratio 
balanced salines essential both the well-being cell life and also the 
production the non-specific complement fixation reaction herein described. 
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HAMBLETON? 


Abstract 


previously described, falsely positive non-specific complement fixation 
reaction can produced with certain tuberculo-antigens; the mechanism the 
reaction described the present article. Examination the antigen the 
non-specific reaction shows that can assume the same complement fixing 
power, cohesiveness and oil-wettability antigen sensitized immune serum. 
This indicates that fixation complement not specific immune reaction, 
but only secondary effect due the surface properties suitably modified 
antigens. 


those immune reactions which produce fixation complement, 
known that both agglutination the antigen and fixation complement are 
secondary stages the reaction. The first stage involved the sensitization 
the antigen homologous immune serum, reaction which usually 
highly selective. explain this highly selective specific action, appears 
necessary assume some specific chemical affinity between the antigen and 
its homologous immune substance. But with reference the subsequent 
fixation complement, not clear whether this also specific immune 
reaction, whether purely physical adsorption. Eagle (2) states, 
yet unknown whether this adsorption (of complement sensitized 
antigens) determined the physical state the (agglutinated antigen) 
precipitate, and thus differs only quantitatively from that kaolin, charcoal, 
normal bacteria, heat denatured proteins, etc.; whether the comparatively 
enormous avidity the sensitized antigen for complement due specific 
chemical 

this paper will presented data which, within the accuracy available 
experimental methods, give answer this statement Eagle. 

The basis for these data has been indicated another paper (4) describing 
non-specific complement fixation reaction, where was shown that the 
presence balanced physiological saline, akin Ringer’s 
solution, the antigen used the tuberculo-complement-fixation test acquires 
the power fix complement without the presence specific antibody. 
other words, the antigen this non-specific reaction acts does antigen 
sensitized homologous immune serum. With one and the same antigen 
thus possible produce two similar complement fixation reactions, one 
means immune serum and the other non-specific means. This makes 
possible comparison the surface properties the antigens from these two 
reactions, under such conditions that they exhibit equal complement binding 
power. There ground for assuming that antigen sensitized immune 
serum has specific chemical affinity for complement only when this sensitized 
antigen possesses greater complement fixing power than can accounted 
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for its other physical properties. view the simple and non-specific 
reagents which are used produce the non-specific complement fixation 
reaction, specific chemical affinity for complement can ascribed the 
antigen this test. Hence this antigen, treated entirely non-specific 
reagents, assumes the same physical properties and the same complement 
fixing power the truly sensitized antigen, the latter clearly does not exert 
any specific chemical affinity for complement. 

The data presented this paper constitute comparison the physical 
properties the specific and non-specific antigens under such conditions that 
they exert equal complement binding power. Within the accuracy limits 
the tests which have been employed, the two antigens are shown have 
many respects identical physical properties. make these results clearer, 
the nature the non-specific reaction will first briefly indicated. 


Mechanism the Non-specific Reaction 


produce the non-specific reaction, the antigen and diluted complement 
must incubated together for least one hour these ingredients 
are incubated plain 0.9% sodium chloride solution, complement fixation 
does not occur, but the antigen modified that adding the trace 
calcium chloride and magnesium chloride which needed convert the plain 
saline into balanced saline, complement fixed almost instantly, and 
shows marked tendency agglutinate. Further details this point are 
covered preceding paper (4). 


TABLE 
7 — — — = 
Antigen Negative True 
control reaction false positive positive 
reaction reaction 
Immune guinea pig serum, 10, cc. 
Plain saline (0.9% NaCl), cc. 
Isoelectric point the antigen, washed 
four times plain saline, 4.9 


examine changes the surface properties the antigen, samples were 
made according Table produce negative, non-specific, and 
true positive complement fixation reactions, and along with these was control 
antigen suspended plain saline. After hr. incubation 38° the 
samples were kept the ice box overnight and then the antigen each tube 
was thrown down centrifugation. These antigen sediments were washed 
four times plain saline, and then resuspended portions 0.045% sodium 
chloride which had been adjusted addition hydrochloric acid give 
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various values. Cataphoresis was carried out improved form the 
Northrop cataphoresis cell, observing the precautions outlined Kahn and 
Schwarzkopf (5). 

The washed, untreated antigen the control was found have its isoelectric 
point 3.2. Antigens from both the negative and the non-specific 
reactions showed the same isoelectric point 3.7, while the antigen from 
the true positive reaction was isoelectric 4.9. 

This result 

The surface properties the antigen are modified even the negative 
reaction, where antigen and complement are incubated together plain 
saline, since the isoelectric point the antigen changed from 3.2 
Presumably this change properties due irreversible adsorp- 
tion serum protein upon the antigen, and similar that described 
Mudd (7) his extensive work upon tubercle bacilli, wherein states 
bacterial surfaces are modified treatment with fresh normal sera manner 
quantitatively less, but qualitatively indistinguishable the methods used, 
least, from the effects immune 

That the presence traces and magnesium the non- 
specific reaction causes further change surface properties, seems probable 
since complement fixed, evidence this change shown cataphoresis 
measurements after the antigen has been washed plain saline. 

Agglutination tests were employed examine whether the surface properties 
the antigen from the non-specific reaction are reversible, whether the 
special characters possessed the antigen when suspended balanced 
saline are eliminated the antigen suspended plain saline. the 
direct agglutination test never strong with these antigens, and results are 
often further obscured prezone effect, have used the modified form 
test designated Mudd (6) the resuspension test. this test the samples 
are centrifuged high speed pack together the antigen particles. After 
removing the supernatant fluid, small volume saline added the antigen 
sediment, and upon shaking the tubes uniformly rack, the antigen 
resuspended the saline. The coarseness size flocculi this suspension 
gives roughly quantitative measure the cohesiveness the antigen. The 
agglutinating cohesive tendency the antigen particles special signi- 
ficance this work since the correlation between the phenomena aggluti- 
nation and complement fixation well established. 

The tests were carried out upon the antigen sediment from non-specific 
reaction which showed marked cohesiveness comparison with the antigen 
from negative T.C.F. reaction. This cohesive antigen from the non-specific 
reaction was divided two portions; one these was well washed balanced 
saline, and this portion retained its cohesiveness; the other portion antigen 
was washed plain saline, and was then found have very little cohesiveness 
when, after these washings, the two antigens were compared the resuspen- 
sion test. 


This proves that the cohesiveness the antigen-protein complex which 
induced the traces and magnesium present balanced saline 
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reversible property which lost when the antigen suspended plain 
saline. Nevertheless, pointed out another paper (4), fixation comple- 
ment cannot regarded reversible process, for neither the specific nor 
the non-specific reactions has been possible elutriate active form the 
complement which has been fixed the antigen. 

Accordingly, the factors which produce the non-specific reaction are 
follows: 

The surface properties the antigen are irreversibly modified* 
incubation the presence dilute complement. 

These surface properties are further modified the traces calcium 
and magnesium present balanced saline, that the antigen 

(a) fixes complement, 

(b) agglutinates coheres markedly. 
Since true complement fixation reactions induced immune serum the 
fixation complement and the cohesiveness the antigen are also associated 
phenomena, seemed desirable quantitatively compare these two factors, 
complement fixation and agglutination, they occur the true and the 
non-specific reactions. Later two other properties these antigens 
were also investigated, the partition the antigen between oil and water 
phases, and the electrical potential the antigen particles measured 
cataphoresis. 


Comparison the Physical Properties the Antigens the 
True and the Non-specific T.C.F. Reactions 


The non-specific reaction cannot easily adjusted give any desired 
degree complement fixation, the case with the true complement fixation 
test. the latter test, varying the amount immune serum, 
the reaction can varied will. Accordingly the method employed was 
follows:— 

preliminary titration the non-specific reaction, the smallest quantity 
antigen was found which would inhibit hemolysis the presence two 
units complement. 

equal quantity antigen was then employed, along with two units 
complement, the true complement fixation reaction, and the smallest 
dose immune serum was determined which, under these conditions, would 
just inhibit hemolysis. For brevity this amount immune serum will 
referred unit dose. 

Seven samples were then made shown Table II. For conven- 
ience, these samples are times large those used the preliminary tests, 
where the final volume was five these samples have true positive 
reactions, using successively 0.5 and 0.25 doses immune serum 


contrast this interesting note that Eagle (3) and others (13) have shown that the 
negative Wassermann reaction only loose reversible adsorption takes place between the antigen 
and the normal serum; after two three washings with saline the adsorbed protein removed, the 
antigen apparently resuming its original surface properties. This may explain why Wassermann 
antigen does not give non-specific fixation complement the presence balanced saline. 


Tuberculo-complement-fixation. 
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per cc. Due the antigen being present large excess, these samples are 
then capable fixing approximately proportionate amounts complement, 
units. The last two tubes, samples and are duplicates 
the non-specific reaction. All samples were incubated hr. 38°C., 
and then stood overnight the ice following tests were then applied 
the antigens these samples. 

(a) Agglutination Test. Direct and ultramicroscopic examination the 
samples gives little information. There macroscopic agglutination; 
slight agglutination observed all tubes dark field illumination, but the 
difference the degree agglutination not appreciable. Hence the value 
the resuspension test measure the cohesiveness the antigen particles. 

(b) Resuspension Test. The samples were centrifugated min. 3000 
r.p.m. and the supernatant fluids, with the exception 0.25 cc., were removed 
and discarded. Each tube thus contained the packed antigen sediment 
along with this 0.25 cc. the corresponding supernatant liquid. The tubes 
were all placed one rack which was gently shaken until the antigen was 
uniformly and finely suspended that sample, No. which received least 
immune serum. The contents each tube was then poured into small 
watch glasses for examination. 


TABLE 


| | 
Antigen (dilution found preliminary 
Immune sheep serum, (dilution found 
from True Positive Reaction Sample No. which 
-Antigen from Non~Specific Reaction 


received the largest amount 
Suspension immune serum, consis- 
ted large flakes anti- 

gen suspended rela- 

tively clear liquid, and 

the samples Nos. 

formed series which 

the fineness the flakes 

antigen increased until 


Fine Uniform 
sample No. fine uniform 

Complement Fixing Power the Antigen present. Samples Nos. 


Comparison the cohesiveness the antigens and duplicates 
from the true and the non-specific reactions. antigen from the non- 
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specific reaction, were then compared with this series. all cases samples 
Nos. and corresponded closely degree fineness with sample No. 
any slight distinction could made between these three samples, Nos. and 
were shade more finely divided, and hence may have exhibited slightly 
less cohesion than sample No. This matching was always assigned 
workers who had knowledge the nature the samples, eliminate 
prejudice the part the observer. the preliminary titration samples 
Nos. and had been prepared that each fixed exactly the same amount 
complement, two units, and this test indicates that the antigens 
these three samples also possess similar degree cohesiveness. This result 
shown graphically Fig. 

(c) Partition the Antigen. was shown Mudd (8, 10) 
that when acid-fast bacteria are sensitized with immune serum, their tendency 
pass from water into oil phase reduced. This test has been made 
more adaptable quantitative measurements Reed and Rice (15); their 
method consists shaking aqueous suspension the bacteria with oil, 
and separating the oil and water phases centrifuging low 
ial counts the aqueous phase, before and after shaking with the oil, indicate 
the relative partition the bacteria between the oil and water phases. 

The antigen used the T.C.F. reactions under discussion essentially 
stable suspension finely ground tubercle bacilli (14), and trial showed that 
was not possible, the dark-field illumination employed, count the 
number antigen particles, since these vary greatly size, some being 
barely visible, and probably many them being completely invisible. Nor 
was possible estimate the amount antigen the water phase the 
basis turbidity, since the amount antigen employed gives but slight 
turbidity the samples, and certain degree turbidity imparted 
aqueous phase upon vigorously shaking with oil. 

Accordingly, the percentage partition the antigen the oil phase was 
estimated titrating the amount antigen the aqueous phase before and 
after shaking with oil. The method used was follows. Samples were made 
indicated Table II. After the incubation the samples were 
cooled, and portion each removed. the remainder each sample was 
added equal volume washed heavy petroleum oil, and these samples 
were then shaken for min. the mechanical shaker. After separation, the 
water phase was siphoned from below the oil. The antigenic content each 
sample, before and after shaking with the oil, was found incubating for 
one hour 38°C. serially decreasing volumes sample with 0.1 cc. 
strongly immune serum and three units complement; the hemolytic mixture 
was then added and the samples returned the water bath for min. 
Controls showed that the samples acquired significant anticomplementary 
properties due being shaken with the oil. The results are shown Fig. 
This reaction falls short the desired degree sensitivity, the true 
positive tests all samples which fix from 0.5 units complement show 
the same degree partition the oil phase. clear, however, that this 
same degree partition also shown the antigens from the non-specific 
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reaction, which fix two units complement. those antigens from the 
non-specific and the true positive reactions which have equal complement 
binding power also show similar degrees partition between oil and water. 
The lack sensitivity this test 
+-Antigen from True Positive Reaction 
from Reaction probably due the inert serum 
present the samples. min- 
imize this effect, another experi- 
ment samples Nos. were 
diluted with three volumes plain 
saline, and samples Nos. and 
were diluted with three volumes 
balanced saline before shaking with 
the oil. Results however were 
essentially unchanged. not 
Complement Fixing Power the Antigen 
suspend saline before shaking 
Fic. the the oil, since the antigen under 
antigens from the true positive and the non- 
Specific reactions. these conditions agglutinates into 
coarse flakes which accumulate 
almost entirely the oil-water interface. 
(d) Cataphoresis. With the sensitization acid-fast bacteria there occurs 
reduction the electrical potential the organisms. Extensive quanti- 
tative data have been presented Mudd and coworkers (11) this point. 
was desirable know whether the antigen from the non-specific reaction 
had the same electrical potential the antigen from truly specific reaction, 
when the two antigens exhibited the same degree complement binding 
power. Samples were made similar those indicated Table II, except 
that somewhat greater range immune serum concentration, from down 
0.188 doses, was used the true positive samples. After incubation, the 
samples were kept overnight the ice boxand the antigen was thrown down 
centrifugation. The antigen sediments from the true immune reactions were 
washed and resuspended plain from True Positive Reaction 
saline, while the antigens from from Non-Specific Reaction 
the non-specific reaction were 
balanced saline, has been 
shown that the latter antigens 
retain their characteristic prop- 
erties only long they are 
contact with balanced saline. 
The final suspensions were main- 
tained the approximately 
ence 0.001 phosphate buffer. Complement Fixing Power the Antigen 
The washing this ground bacil- Fic. the electrical potential 


the antigens from the true positive and the non- 


Antigen Transferred 
from Water Oil Phase 


@ 


in Milli-Volts 


Potential 
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the cohesiveness the particles, that even prolonged grinding 
leaves much the antigen the form coarse suspension. After 
the second washing these coarser particles were removed slow centrifugation, 
and cataphoresis was carried out upon the finer particles which remained 
suspension. The electrical potential untreated antigen particles extremely 
uniform, and interest that this potential essentially the same plain 
saline balanced saline, the observed difference 0.5% being less than the 
limit accuracy the method employed. The treated and washed antigen 
particles not show great uniformity electrical potential. The results 
obtained are indicated Fig. where curve has been drawn through the 
crosses which indicate the potentials the samples which received serial 
doses immune serum. The potentials upon the antigens from the duplicate 
non-specific reactions are seen remote from the corresponding potential 
upon the antigen from the true positive reaction. this respect, then, the 
non-specific reaction does not closely simulate the true immune reaction. 


Discussion 


would have been preferable compare the surface properties the 
specific and the non-specific antigens before they adsorbed complement. This 
could not done the non-specific reaction, since the absence 
complement the antigen exhibits none those interesting surface properties 
which assumes the presence complement and balanced saline. Accord- 
ingly the surface properties, both the true and the non-specific reactions, 
have been compared samples containing two units complement. 

was observed Olitzki (12) that with certain bacterial types which 
agglutinate with homologous immune serum the form fine-grained pre- 
cipitates, that the degree agglutination was increased the presence 
small amounts complement. Other bacterial types failed show this 
effect. this work with tuberculo-antigens the author has not observed 
the effect described Olitzki, but rather the reverse effect, namely, that the 
presence complement, inert serum, reduces the amount visible aggluti- 
nation, and may give prezone effect. This prezone effect the direct 
agglutination reaction does not occur the resuspension test. detailed 
examination the surface properties sensitized antigens, before and after 
being exposed complement, apparently has not been described the liter- 
ature. clear, however, that fixation complement causes marked 
effect the cohesive power the antigens the true T.C.F. reactions which 
have examined. Hence this regard the surface properties the antigen 
the presence two units complement, described this article, are 
fair index the surface properties the antigen which has not been exposed 
complement. 

The data presented have shown that treatment with non-specific re- 
agents, namely, balanced physiological saline and normal guinea pig serum, 
the antigen has acquired set physical properties which are very similar 
those antigen sensitized immune serum. far the limited 
accuracy the methods available can indicate, those specific and non-specific 
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antigens which fix equal amounts complement also possess the same degree 
cohesiveness and oil-wettability, but not possess the same electrical 
potential. 

Since cannot ascribe the antigen the non-specific reaction, account 
the simple and non-specific reagents employed, any ‘‘specific chemical 
affinity for clear that there little ground claim 
chemical affinity for complement” for the antigen sensitized 
immune serum, the two types antigen have similar physical properties 
and the same ability fix complement. The one marked divergence between 
the two types antigen their electrical potentials, 14.6 and 17.3 millivolts 
respectively. The only ground for attributing chemical affinity for 
the immune antigen would compensate for having 
higher electrical potential than that possessed the non-specific antigen. 
But Kruif and Northrop (1) have pointed out that the electrical potential 
upon antigen particles plays only lesser role causing the adsorption 
immune substances the antigen; the adsorption not due the electrical 
charges the antigen and immune body, but the effect the electrical 
potential the the adsorption. Accordingly these data indicate that 
fixation complement not itself specific immune reaction, but due 
certain physical characters the antigen: that matters not whether these 
physical properties are produced means immune reaction simple 
non-specific reagents; and hence that chemical affinity for comple- 
the part antigen sensitized immune serum either does not 
exist, can most only minor factor producing complement fixation. 

The non-specific reaction significance the wider field immunology, 
example immune reaction being duplicated non-specific means. 
The particular conditions which have been used this work produce the 
non-specific reaction not modify the cohesiveness and oil-wettability the 
antigen the same extent would treatment with strong immune serum; 
consequently the former reaction does not cause such powerful complement 
fixation can produced the immune reaction. present the writer 
not aware any clinical application the phenomena which produce 
the non-specific reaction. But other and more effective means are found 
which the true immune reactions can duplicated simple non-specific 
reagents, therapeutic treatment infectious diseases may possible these 
simpler methods, without resort complex biological products such anti- 
toxins and immune sera. 


Summary 


The mechanism non-specific complement fixation reaction described. 
The antigen this non-specific reaction assumes physical properties 
which closely simulate those antigen sensitized immune serum. This 
affords example immune reaction” being duplicated simple 
non-specific means, balanced physiological saline and normal guinea pig 
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The data herein presented indicate that complement fixation not itself 
specific immune reaction, but produced modified antigen having 
certain physical properties, regardless whether immune non-specific 
means are used produce these physical properties. specific chemical 
affinity for complement the part antigen sensitized immune serum 
either does not exist, most can only minor significance producing 
complement fixation. 
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TYPES TUBERCLE BACILLI 
HUMAN 


Abstract 


Four hundred and thirty-six cases clinical tuberculosis were investigated 
with view ascertaining the types the infecting organism. this series 
cases, 268 were children under years age, and 168 adults, years and over. 
Both medical and surgical cases were studied. the juvenile group, 230 
patients proved infected with the human type, and 38, 14.1%, with the 
bovine type the tubercle bacillus. the adult group 3.5%, proved 
infected with the bovine type, the remaining 162 cases with human type the 
tubercle bacillus. Bovine tuberculosis man milk-borne and preventable. 


The determination the types tubercle bacilli human tuberculosis 
has now covered period over five years. The technique used and other 
details differentiation the types well the results our findings 
April 1931 320 cases tuberculosis, which 220 were children under 
years age, and 100 adults years and over, have already been 
published (1). 

The lesions and the types tubercle bacilli included the previous com- 
munication are shown Table 


TABLE 


VARIETIES TUBERCULOSIS AND TYPES TUBERCLE BACILLI ENCOUNTERED 320 CASES 
TUBERCULOSIS INVESTIGATED PRIOR 1931 


Children under Adults, years 
yearsofage and over 
Variety tuberculosis Type tubercle bacillus 
Human Bovine Human Bovine Avian 

Bone and joint tuberculosis 
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This study has been continued during the past year and, from April 1931 
until February 1932, 116 additional strains the tubercle bacillus have 
been isolated; from tuberculous children under years age, and from 
adults years and over. 

The method isolation, cultivation and final differentiation types were 
essentially the same already described. The only change the earlier 
technique was the addition modified Dorset’s egg medium containing 
small amounts soluble silica which, had found, favored the growth and 
development tubercle bacilli the test tube (2). 

The variety tuberculosis and types bacilli these 116 cases are shown 
Table II. 


TABLE 


VARIETIES OF TUBERCULOSIS AND TYPES OF BACILLI ENCOUNTERED IN 116 CASES OF 
TUBERCULOSIS INVESTIGATED FROM ApRIL 1931 FEBRUARY 1932 


Children under Adults, years 
years age and over 
Variety tuberculosis No. 
cases Type tubercle bacillus 
Human Bovine Human Bovine 
Tuberculous adenitis 


The cases studied are divided into two age groups and for convenience are 
retabulated Tables III and IV. 


TABLE III 


VARIETIES TUBERCULOSIS ENCOUNTERED CASES CHILDREN, INVESTIGATED 
FROM 1931 FEBRUARY 1932 


Variety tuberculosis Variety tuberculosis 
Bone and joint tuberculosis Tuberculous pleurisy 
Tuberculous adenitis Tuberculous tonsilitis 
(a) Cervical Tuberculosis the adenoid 
(b) Inguinal Tuberculous bacillemia 
Pulmonary tuberculosis Ischio-rectal abscess 


Tuberculous meningitis 
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TABLE 


VARIETIES TUBERCULOSIS ENCOUNTERED CASES ADULTS, 
INVESTIGATED FROM ApRIL 1931 FEBRUARY 1932 


Variety tuberculosis Variety tuberculosis 
Bone and joint tuberculosis Pulmonary tuberculosis 
Tuberculous adenitis Tuberculous meningitis 
Genito-urinary tuberculosis Tuberculous peritonitis 
Tuberculous pleurisy 


Discussion the Anatomical Distribution the Lesions 


Bone and Joint Tuberculosis 

Thirty-two cases bone and joint tuberculosis were studied. 
instances the patients were adults, years and over, and were children 
under original material was, for the most part, pus aspirated from 
abscesses which had formed connection with the lesion the bone joint. 
Some was removed surgically from diseased bones joints. 

The distribution the bone and joint lesions the adult group shown 
Table 

TABLE 


DISTRIBUTION BONE AND JOINT LESIONS FROM CASES TUBERCULOSIS 
ADULTS, INVESTIGATED FROM APRIL 1931 FEBRUARY 1932 


Type tubercle bacillus 

Human Bovine 
Tuberculosis the hip joint 
Tuberculosis the knee joint 
Tuberculosis the wrist joint 
Tuberculosis the shoulder joint 


instances adults the infecting organism was the human type, 
and the majority cases the lesion the bone joints was secondary 
tuberculosis the lung. one instance only was the infecting organism 
bovine type. 

The latter case, having bovine infection, was girl years age, born 
New Hamburg, Ontario, who was admitted Freeport Sanatorium, 
Kitchener, Ontario, June 19, 1931, with clinical diagnosis tuberculosis 
the spine. Her illness began January, 1931, with pain the back. 
small abscess appeared the region the sacro-iliac joint, and April the 
same year, abscess appeared the region the sternum. July, she 
developed signs severe cervico-dorsal Pott’s disease, and September, 
marked paresis the upper and lower extremities. The patient died 
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September 25, less than nine months from the time the onset her last 
illness. There was history contact with pulmonary tuberculosis, and 
evidence pulmonary disease the patient herself, either physical 
X-ray examination. Pus aspirated from one abscess the region the sacro- 
iliac joint produced generalized tuberculosis guinea pigs and rabbits. 
bovine strain the tubercle bacillus unusually high virulence was isolated 
from this source. 

Thirteen cases bone and joint tuberculosis were studied the juvenile 
group cases. The distribution the lesions and the type infection the 


group are shown Table VI. 
TABLE 
DISTRIBUTION BONE AND JOINT LESIONS, AND TYPE INFECTION THE JUVENILE 
GROUP INVESTIGATED FROM 1931 FEBRUARY 1932 


Type tubercle bacillus 
Variety tuberculosis No. 
Human Bovine 


Tuberculosis the knee joint 
Tuberculosis the hip joint 
Tuberculosis the ankle joint 
Tuberculosis the spine 
Tuberculosis the mastoid 

Tuberculosis the right cuboid 


me 


coooro 


cases from this group the infection proved due the human 
type tubercle bacillus. The majority the cases gave history contact 
with open pulmonary tuberculosis. Physical examination and X-ray chest, 
both, revealed evidence tracheo-bronchial pulmonary involvement, the 
evidence pointing the respiratory route infection. 

only one this group was the infection due the bovine type. This 
patient, child three years age, was admitted the Hospital for Sick 
Children, Toronto, from Kirkland Lake, Ontario, with clinical diagnosis 
tuberculosis the right hip joint. There was history contact with open 
pulmonary tuberculosis, and evidence pulmonary involvement either 
physical X-ray examination, the evidence pointing the alimentary route 
infection. Enquiry revealed the fact that this child had always lived 
Kirkland Lake. For the first two years, until 1930, she was fed raw milk 
from local dairy. Following severe outbreak septic sore throat that 
community, pasteurization milk was made compulsory; since then the child 
was fed sterilized milk. Granulation tissue removed from the hip joint 
proved highly infective for guinea pigs and rabbits, typical bovine strain 
the tubercle bacillus high virulence being isolated. 


Tuberculosis Adenitis—Cervical and Inguinal 

Thirty-one cases tuberculous adenitis were investigated. instances 
the cervical glands were involved and one instance, the inguinal glands 
were affected. Fifteen occurred children under years age, and 
adults, years and over. 
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TABLE VII 


DISTRIBUTION LESIONS AND TYPES INFECTION CASES TUBERCULOUS ADENITIS 
INVESTIGATED FROM 1931 FEBRUARY 1932 


Children under Adults, years 
years age and over 
Variety No. 
Human Bovine Human Bovine 


Adult Group 

Analyzing the results obtained the adult group, will noted that 
instances the infecting organism was the human type and two cases 
the infection was caused the bovine type. 


Case Reports 

Case No. Mr. W., age years. Admitted the Toronto General 
Hospital from Mount Dennis, Ontario, with clinical diagnosis tuberculous 
cervical adenitis. patient was born Mount Dennis, Ontario, and for 
seven years had lived Stratford, Ontario. his life this individual had 
been accustomed drinking raw milk. Physical examination and X-ray 
the chest gave negative results. Glands removed operation proved tuber- 
culous, typical bovine strain the tubercle bacillus being isolated. 

Case No. II. Mr. S., age years, mining engineer, admitted the 
Private Patients’ Pavilion, Toronto General Hospital, from Cobalt, Ontario, 
with clinical diagnosis tuberculous cervical adenitis four months’ 
duration. The patient was unusually healthy adult. There was 
evidence disease the chest, the infection being the region the 
glands the neck, probably secondary tuberculous tonsilitis. The 
cervical glands, removed operation, yielded typical bovine strain 
the tubercle bacillus. This patient return few 
tonsilectomy. 

Upon enquiry appeared that the patient had been the habit drinking 
large quantities raw milk supplied local dairy. 


Juvenile Group 

instances this group the infection was the region the cervical 
glands, and one instance the inguinal glands were involved. the 
cases cervical adenitis, the infection was human type; cases the 


infecting organism proved bovine type. 
Case Reports 
Case No. W.R., age years. Admitted from Kirkland Lake, Ontario, 
with clinical diagnosis tuberculous cervical adenitis, years’ duration. 


There was history contact with pulmonary tuberculosis, and evidence 
tuberculosis physical X-ray examination. 
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This boy had always lived Kirkland Lake, and had been fed raw milk 
from local dairy. 

Case No. II. McB., age years, admitted the Hospital for Sick 
Children, from Waterloo, Ontario, with clinical diagnosis tuberculous 
cervical and submaxillary adenitis. There was history contact with 
pulmonary tuberculosis, and evidence tuberculosis either physical 
X-ray examination. This child had always lived the country, and had 
always had raw milk. 

Case No. III. age years, admitted the Hospital for Sick 
Children from Haileybury, Ontario, with clinical diagnosis tuberculous 
cervical adenitis. There was history contact with tuberculosis and 
evidence tuberculosis the chest, either physical X-ray examination. 
This boy had always been fed raw milk from various local dairies. 

Case No. IV. G., age years, admitted the Hospital for Sick 
Children, from Copper Cliff, Ontario, with clinical diagnosis tuberculous 
cervical adenitis. was history contact with pulmonary tuberculo- 
sis and evidence tuberculosis elsewhere, either physical X-ray 
examination. This boy was always fed raw milk obtained from various 
local unpasteurized sources. 

One case tuberculosis the inguinal glands was studied, child three 
years age. Unfortunately details were available this case. typical 
bovine strain the tubercle bacillus was isolated. 

With one possible exception, this group cases the tuberculous infection 
was primary the cervical glands, the infection was probably caused 
tubercle bacilli which entered the cervical glands from the mucous membrane 
the nose, throat, pharynx and tonsils. Wherever possible, these cases 
tuberculous cervical adenitis, effort was made obtain the tonsils and 
adenoid tissue for microscopic study and guinea pig inoculation. two 
cases this group, the writer was again successful demonstrating micro- 
scopic foci tuberculosis the tonsils and adenoid, and she succeeded 
infecting guinea pigs with this tissue. 


Tuberculosis the Meninges 

Eight cases tuberculous meningitis were studied. all instances the 
cultures were isolated directly indirectly from the cerebro-spinal fluid 
withdrawn during life. Four the patients were children, and four adults. 
With the exception one juvenile case, the tuberculous process the meninges 
was terminal one originating from focus the lung. The tubercle bacilli 
isolated the adult group cases proved, without exception, human 
variety. 

the four juvenile cases, three proved infected with the human and 
one with the bovine type. all cases from whom the human type the 
tubercle bacillus was isolated, there was history contact with pulmonary 
tuberculosis, and the process was terminal one, originating from focus the 
lung. 
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one instance the infecting organism was bovine type. This patient, 
child five years age, was being treated for typhoid fever local physician 
the east end the city. The parents, not satisfied with the progress the 
child, consulted another physician, who, upon examination, found evidence 
meningeal involvement, though tuberculosis was not suspected. There was 
history contact with tuberculosis, nor any evidence tuberculosis the 
lungs. The cerebro-spinal fluid, however, yielded tubercle bacilli which 
proved typical bovine type. Upon enquiry appeared that this child was 
one time resident Scarboro, and had been fed raw milk supplied 
local dairy, from which source undoubtedly contracted his infection. 
(The writer previously reported upon small milk-borne epidemic bovine 
tuberculosis this district.) 


Pulmonary Tuberculosis—Tuberculous Pleurisy 


Twenty-three cases intrathoracic tuberculosis were investigated. Twelve 
cases occurred children, and adults. this group, were cases 
primary pleurisy with effusion; the disease occurred the parenchyma 
the lung. 

ten cases the juvenile group the infection was found the tracheo- 
bronchial glands, spreading out into the parenchyma the lung, the organism 
being isolated from the sputum means the laryngeal swab. two 
cases, the disease was the pleura, the organism being isolated from the 
pleural effusion. Four adult cases pulmonary tuberculosis were investigated. 
Without exception, the infecting organism this group cases was the 
human type. 


Tuberculosis 


Thirteen cases genito-urinary tuberculosis were investigated, all 
patients over years age. The disease affected the genital organs 
three instances, and the urinary tract ten. every case studied the 
infecting organism proved typical human type. 


Tuberculous Peritonitis 


Five cases tuberculous peritonitis the adult were investigated, 
which four occurred the female. The infecting organism this group 
patients was human type. 


Tuberculous Tonsilitis 


Two cases tuberculous tonsilitis were studied. 

Case No. The patient, boy, seven years age, was suffering from 
bilateral tuberculous cervical adenitis. The tonsils and adenoid removed 
operation proved tuberculous section and guinea pig inoculation. The 
glands were subsequently removed, and proved tuberculous. The human type 
the tubercle bacillus was isolated from these several sources. 

Case No. II. patient, seven years age, admitted the Hospital 
for Sick Children, from Kirkland Lake, Ontario, with clinical diagnosis 
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tuberculous cervical adenitis. The tonsils and adenoid, removed the same 
time the glands, proved tuberculous microscopic examination and 
guinea pig inoculation. typical bovine strain the tubercle bacillus was 
isolated from both tonsils, well from the adenoid and cervical glands. 

Tubercle Bacilli the Blood Stream 

The tubercle bacillus was isolated from the blood stream child, five years 
age, seen the early stages tuberculous meningitis. organism 
isolated from the blood and cerebro-spinal fluid, obtained the same time, 
was typical human type. 

Ischio-rectal Abscess 

One case ischio-rectal abscess was studied. The patient, infant eight 
months age, was admitted the Hospital for Sick Children, with history 
swelling the right buttock five weeks’ duration. The abscess was eva- 
cuated, and scrapings from the abscess cavity produced extensive tuberculosis 
the guinea pig, from which typical human strain tubercle bacillus was 
isolated. 

interest note that the lungs this patient were free from any 
evidence tuberculosis. The tuberculin reaction however was strongly 
positive. 

Summary 

Summarizing the results obtained (Table VIII), will noted that there 
have been examined, complete laboratory means, 436 strains the tubercle 
bacillus, isolated from many clinical cases tuberculosis. this number, 
268 patients were children under years age and 168 were adults, years 


and over. 
TABLE VIII 


AN ANALYSIS OF THE ISOLATIONS OF TUBERCLE BACILLI FROM 
VARIOUS HUMAN SOURCES 


Children under Adults, years 
years age and over 
Variety tuberculosis Type tubercle bacillus 
Human Bovine Human Bovine 
| 
Bone and joint tuberculosis 121 
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Both Medical and Surgical Cases Studied 


Analyzing the results obtained the juvenile group cases, will noted 
that 230 patients the infection was caused the human type the tubercle 
bacillus and could, with very rare exception, traced known source 
exposure open pulmonary tuberculosis. This group, too, the majority 
instances, showed evidence tracheo-bronchial parenchymatous in- 
volvement the lung, the disease being respiratory origin. 

children the infection was caused the bovine type the tubercle 
bacillus. Enquiry every instance revealed the fact that the child had been 
fed raw milk while exposure human pulmonary tuberculosis was usually 
denied could not traced. Physical examination, X-ray, both, failed 
show evidence pulmonary involvement, the evidence pointing the 
alimentary route infection. Bovine tubercle bacilli have been isolated 
from the following regions: bones, joints, glands, tonsils, adenoid tissue, 
meninges and one instance from the lung. Thus region the body 
appears immune infection with the bovine type, far the commonest site 
infection being the glands the side the neck. 

particular interest among the new cases bovine tuberculosis encounter- 
are three cases from Kirkland Lake, Ontario. Two these came 
Toronto prior the outbreak the epidemic septic sore throat that 
community, while the third case appeared shortly following the epidemic. 
Kirkland Lake, Ontario, community 8,000, was supplied with raw milk 
from four local dairies. the latter part December 1930, there occurred 
severe outbreak septic sore throat that community, the source this 
epidemic being finally traced one dairy. interesting note that seven 
head cattle from the infected dairy were slaughtered and that, though 
these animals were presumably tuberculin negative and belonged accred- 
ited herd, one the seven animals was grossly infected with tuberculosis 
that the whole carcass was condemned. Subsequent this epidemic the 
sale raw milk was prohibited, and compulsory pasteurization by-law was 
passed, but not until this disastrous experience did the community realize 
the importance safe milk. 

Similarly, earlier the 1928 studies, the writer reported milk-borne out- 
break tuberculosis Scarboro, the infection being traced one dairy 
distributing raw milk. Cases apparently residual infection that com- 
munity have continued arise from time time, and, recently 1931, 
case tuberculous meningitis child five years age was traced that 
source. 

Thus, 14.1% the cases tuberculosis studied, the infection was caused 
the bovine type the tubercle bacillus. The importance bovine tuber- 
culosis childhood lies not only the incidence which exists, but also 
the ease with which the disease, leading disablement, disfigurement and 
entailing great economic loss community, can prevented. 

The effective pasteurization milk appears the only solution for the 
prevention bovine infection. Pasteurization, however, can considered 
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safe only when the procedure carried out under rigid and scientific super- 
vision. 

The excellent results obtained Toronto from the standpoint eradication 
bovine tuberculosis are attributable mainly the efficient pasteurization 
milk, and afford unchallenged demonstration the control bovine 
tuberculosis man. 

Summarizing the results obtained the adult group cases investigated 
will noted that the 168 cases tuberculosis examined, 130 were 
suffering from so-called surgical tuberculosis and instances the disease 
was limited lungs and pleurae. 

this series cases the main attention the writer was given the 
determination the type tubercle bacillus involved the lesion, great 
effort being made determine the portal entry, nor trace the course 
the organism within the body. This was particularly true the medical 
cases. the other hand, the so-called surgical group, the disease process, 
whether the bone, joint kidney, could usually demonstrated second- 
ary some latent active tuberculous focus the lung. 

the 168 cases studied, 162 proved infected with the human type 
the tubercle bacillus and with the bovine type. two these latter cases, 
the organism was attenuated virulence for experimental animals, while 
the remaining four cases the bacilli were standard virulence. The localiz- 
ation the infection this group was shown Table IX. 


TABLE 


SITE OF INFECTION IN SIX CASES OF TUBERCULOSIS DUE TO THE 
BOVINE TYPE OF BACILLUS 


Tuberculosis the spine Tuberculous peritonitis 
Tuberculous cervical adenitis Periarticular abscesses 


five the six cases, the disease occurred young adults, years 
age, the history suggesting the possibility being residual childhood 
infection with the bovine tubercle bacillus which had become active during the 
stress and strain adolescent and young adult life. one instance, the 
disease was undoubtedly contracted the third decade life. also 
interest note that, result the infection, two out six cases died, the 
tuberculous process being acute and short duration. The remaining four 
patients made uneventful recovery. 

This finding appears striking contrast the juvenile group. Here, 
although the morbidity rate much higher than that encountered adults, 
the mortality rate relatively low, only two patients out succumbing 
the infection. 
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Conclusions 


Bovine infection was encountered 38, 14.1%, 268 cases 
tuberculosis children under years age. 


Bovine tubercle bacilli were isolated 3.5%, 168 adult patients 
studied. 


Bovine tuberculosis man milk-borne, and preventable. 
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THE INFLUENCE SILICA UPON THE GROWTH 
THE TUBERCLE 


Abstract 


The addition small amounts soluble silica modified Dorset’s egg 
medium has been noted enhance the growth the human type the tubercle 
bacillus the test tube. This manifested lessening the latent period 
growth and greater luxuriance growth. 


Introduction 


Silicosis important industrial disease, affecting principally gold miners, 
granite cutters and occasionally cement and quarry workers. Compounds 
silicon are very common, comprising about 28% the earth’s crust. The 
element manifests itself two forms: silica the oxide silicon, which 
exists crystalline amorphous forms quartz, flint, sandstone, opal and 
diatomaceous earths; and silicates which clay example. 

Only workers exposed certain rock dusts show disposition the develop- 
ment silicosis. This mainly due the presence crystalline silica, the 
dust amorphous silica and the silicates being apparently innocuous. 

the lung, silica accumulates the crystalline form, invisible 
form designated The amount fibrosis the lung proportion 
the amount occult silica. believed that the fibrous reaction arises 
result the silica particles undergoing change from the visible the 
occult form. The more readily this change occurs, the more serious the 
tissue reaction. 

Various hypotheses have been advanced the nature the invisible 
silica. Watkins-Pitchford and Moir (6) have claimed demonstrate that 
high 99% particulate silica the silicotic lung invisible ordinary 
histological preparations. 

Gye and Purdy (4) have shown that colloidal silica toxic when administered 
parenterally experimental animals. This substance, silica sol, orthosilicic 
acid, derived from silica the addition two molecules water. Gye 
and Kettle (2, express the view that the lung the inhaled silica slowly 
transformed the tissue juices into colloidal silica, either directly through 
the intermediate form sodium silicate. 

Clinically, the majority individuals suffering from silicosis ultimately 
succumb pulmonary tuberculosis. these individuals, the superimposed 
tuberculous process spreads with great rapidity, death ensuing compar- 
atively short time. That silicosis should render the lung particularly vulner- 
able tuberculosis has been the subject much theorizing. Blocking the 
lymphatic exits the lung has been held responsible, but particularly 
interesting note that the same reason advanced explain the opposite 
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situation the relative immunity coal miners tuberculosis. Mavro- 
gordato (5) advanced the view that the defensive mechanism the lung 
broken down fixation numerous endothelial cells silica dust, that 
not sufficient number cells left combat tubercle invasion. Gardner (1) 
believes that phagocytes are attracted from tuberculous focus silica frag- 
ments outlying regions and possibly spread the infection that way. 
believed others that susceptibility silicosis regularly associated with 
constitutional predisposition tuberculosis. Avascularity the silicotic 
nodule another theory advanced. 

All observers, however, are agreed upon the fact that the tuberculous 
infection invariably gains stronghold the silicotic nodules, so-called 
silica nests. These foci evidently constitute the most vulnerable spot the 
silicotic lung. 

suggested itself the writer that silica might, some manner, have 
increased the pathogenic effects the tubercle bacillus vivo, and she decided 
observe the effect certain silicon compounds upon the growth the 
tubercle bacillus the test tube. 


Experimental 
Materials and Method 


Sodium silicate and silicic acid appeared the most logical compounds 
use, and accordingly solution each was prepared, standardized contain 
mg. silica per cc. 

The method used was add cc. the solution either sodium silicate 
silicic acid every 100 cc. modified Dorset’s egg medium. The medium 
was then prepared and sterilized the usual manner. The tubes were seeded 
the ordinary way, paraffined and incubated 37.5° C., each strain 
isolated being controlled with the usual differential media. 


Results 


this manner, initial cultures the tubercle bacillus isolated directly 
from various human sources indirectly through guinea pig inoculation were 
studied. The results obtained have been uniformly consistent, the presence 
small amounts sodium silicate silicic acid the culture media favoring 
the growth the tubercle bacillus, manifested lessening the latent 
period growth. Colonies became apparent the naked eye days 
(the average time appearance the colony being days), though 
colonies were observed early the fourth day transfers. colony 
silica medium small and dry, increases rapidly size, assuming warty, 
umbilicated appearance, and fully three times the size the control. 
Growth increases rapidly that the end three weeks the amount 
culture about equal that usually obtained double that time. 

Another constant feature the production pigment, all colonies showing 


early golden-yellow coloration, richer and more distinct than that shown 
the controls. 
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the initial cultures studied, strains were isolated through guinea 
pig inoculation, and directly from various human sources, such urine, 
sputum, cerebro-spinal fluid, and pus. one instance which the organism 
failed grow ordinary Dorset’s medium was isolated from ascitic 
fluid from case tuberculous peritonitis this method. the direct 
isolations, colonies became apparent between and days, and one instance 
the growth was not only visible days, but was profuse and luxuriant, 
covering the whole surface the slant. 

All the direct cultural experiments were controlled guinea pig inoculation. 
Where growth failed appear medium containing silica, the biological 
test, without exception, proved negative. 

The addition larger quantities, namely and 10%, sodium silicate 
silicic acid the culture medium did not appreciably influence either the rate 
the amount growth the bacillus, which may possibly accounted for 
alteration the the culture medium. This, the experience 
the writer, important factor the cultivation this organism. 

The writer the present time endeavoring ascertain the effect some 
other silicon compounds; namely, quartz suspension, aluminium silicate and 
diatomaceous earths. Preliminary tests tend indicate that growth 
enhanced the addition these substances proportion their solubility, 
the most stimulating effect being found the addition small quantities 
sodium silicate, the least stimulation the addition quartz suspension. 
Thus would appear that the presence soluble silica the culture medium 
renders this substance more readily diffusible, and therefore, more readily 
available for the metabolism the organism. This probably the explan- 
ation for the increased growth the tubercle bacillus these cultures. 


Summary 


The writer has investigated vitro, the effect certain silicon compounds, 
namely, sodium silicate and silicic acid, upon the growth and development the 
human type the tubercle bacillus. initial cultures, isolated 
either directly indirectly through guinea pig inoculation from various 
human sources, have been studied. Without exception the addition 0.01 mg. 
silica per cc. medium enhanced the growth and development the tuber- 
cle bacillus. This was manifested lessening the latent period and 
greater luxuriance growth. This stimulating effect continuous throughout 
the whole period growth. 

The results obtained with other silicon compounds now under investigation 
tend indicate similar effect, which appears proportion the 
solubility the silicon compound. Thus found that the addition small 
amounts sodium silicate causes the greatest stimulation, and quartz sus- 
pension the least. 

The stimulating effect soluble forms silicon the tubercle bacillus 
vitro suggests that some such factor may involved the rapidly pro- 
gressive tuberculosis associated with silicosis. 


7 
q 
7 


620 


CANADIAN JOURNAL RESEARCH 


TABLE 
GROWTH VARIOUS STRAINS TUBERCLE BACILLUS DIFFERENT MEDIA 


No. 


strain 


Method 
isolation 


Indirect p.* 
Indirect 
Indirect 
Indirect 
Direct pus 
Direct pus 
Indirect 
Indirect 
Indirect 
Direct pus 
Direct pus 
Indirect 
Direct f.** 
Indirect 
Indirect 
Direct asc. 
Direct pus 
Indirect 
Indirect 
Indirect 
Direct 
Indirect 
Direct urine 
Indirect 
Direct pus 
Indirect 
Indirect 
Indirect 
Direct 
Indirect 
Indirect 
Indirect 
Indirect 
Indirect 
Indirect 
Direct 
Indirect 
Indirect 

Indirect 

Indirect 
Indirect 
Indirect 
Direct pus 
Direct 
Direct pus 
Indirect 
Indirect 
Indirect 
Indirect 
Indirect 
Direct pus 
Indirect 
Indirect 
Direct pus 
Indirect 
Direct pus 
Indirect 
Direct 


Amount 
growth 
sodium silicate 
media 


+- 


+ 


+ 


Amount 

growth 

silicic acid 
media 


+ 


Amount 
growth 
glycerol-egg 
media 


wth 


° 


ony 


Time 
appearance 


co 


on 


days 
369 
370 
375 
378 
381 
382 
384 
389 
390 
391 
394 
395 
396 
399 
401 
402 
403 
404 
407 
409 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 


PLATE 


Glycerol plus silicic acid. 


Glycerol-egg medium. 
Glycerol plus sodium silicate. 


Strain No. 417. 
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TABLE I—Continued 
GROWTH VARIOUS STRAINS TUBERCLE BACILLUS DIFFERENT MEDIA 
Amount Amount Amount Time 
strain isolation sodium silicate silicic acid glycerol-egg colony, 
media media media days 
| 

431 Indirect +++ 
432 Direct pus Few colonies Few colonies growth 
441 Indirect Not cultured 
442 Direct pus +++ 
449 Direct ++++ +++ 
451 Direct pus 
453 Direct pus Few colonies Occasional colony growth 
454 Indirect pus ++++ +++ 
456 Direct pus +++ 

*Guinea pig. **Cerebro-spinal fluid. luxuriant growth days. ttProfuse 


growth days. 
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HODGKIN’S DISEASE AND THE TUBERCLE BACILLUS! 


Abstract 


Five cases clinically typical Hodgkin’s disease were 
investigated with view determining the possible association between the 
avian tubercle bacillus and this disease. The results obtained this group 
studied proved consistently negative from the standpoint avian tubercle 
infection. 


Introduction 


This common and fatal disease was first described Hodgkin (6) 1832. 
Clinically the disease appears more like infectious process than primary 
disease the blood-forming organs, while the gross character suggests the 
presence invasive tumor. 

The disease commonly found young persons, and more frequently 
men than women. begins painless swelling the superficial glands 
and progresses with gradual enlargement these glands, similar enlargement 
glands the thorax abdomen, and usually increase the size the 
spleen. Anemia appears, and may reach profound degree. There may 
evidence mechanical pressure exerted the enlarged glands upon important 
structures, producing edema the face and other regions; the trachea, 
leading emphysema; upon the thoracic duct its afferent tributaries, 
producing chylous ascitis. One these mechanical influences, inter- 
current infection, the anemia and cachexia produced the disease finally 
leads death. 

The lesions, which are perhaps best studied the lymph gland, consist 
proliferation lymphoid cells, which soon followed the appearance 
coherent tissue formed large, paler cells, with elongated, pale-staining 
nuclei. They lie particular order, but soon spread replace the 
normal tissue the whole gland, obliterating the distinction between lymph 
cords and sinuses. Among these cells are found much larger ones, being many 
times the size lymphocyte, and constituting the most characteristic feature 
the lesion. Their protoplasm, except for scattered irregular stainable 
shreds, clear, and their outline rather ragged. They contain two more 
large lobed and indented nuclei, usually lying close together. Besides the 
lymphoid, epithelioid and these large cells, there are usually found many 
eosinophiles. Occasionally giant cells, containing many small nuclei arranged 
ring horseshoe, are present. These resemble more closely those 
found foreign-body giant cells than those the tubercle. This cellular 
condition prevails the earlier stages and followed scar formation 
throughout the whole gland, coincident with the disappearance the cells. 
These changes invariably involve the whole gland, obliterating its architecture 
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replacing lymph cords and sinuses with uniform cellular tissue. There 
attempt regeneration, but the newly formed lymphoid tissue soon 
transformed into the above-mentioned cellular tissue. 

The glands first affected are usually those the root the neck just above 
the clavicle, where nodular masses resembling rounded collar are formed. 
Those higher the neck are then involved, followed occasionally 
involvement the axillary and inguinal glands. the interior the body, 
the bronchial, peritracheal, and mediastinal glands are extensively involved, 
forming large masses, compressing the trachea and frequently impairing the 
heart action. Very often these masses glands will invade neighboring tissue, 
the lung the pleura. 

the abdomen, the retroperitoneal, peripancreatic and periportal glands 
are commonly involved, the latter sometimes becoming large enough obstruct 
the common bile duct and produce jaundice. The spleen invariably affected, 
sometimes with nodular swellings and diffuse infiltration pulp, and occasion- 
ally with great enlargement. Foci are sometimes found the bone marrow. 
Hodgkin’s lesions have been known invade the wall blood vessels. 
the whole they are limited principally lymph glands. 

The etiology Hodgkin’s disease obscure. The disease has some char- 
acteristics tumor growth, but the greater weight evidence suggests 
infection which involves simultaneously much the lymphatic system. the 
present time, four principal views are held. regarded being: (1) speci- 
fic infective granuloma, (2) tumor, (3) transition between granuloma and 
tumor, (4) atypical form tuberculosis. 

Carl Sternberg (10) 1898 advanced the view that disease was 
atypical form tuberculosis. 1910, Fraenkel and Much (3, using 
the antiformin method demonstrated granular Gram-positive bacillus, which 
they regard non acid-fast tubercle bacillus, number lymph nodes 
Hodgkin’s disease; they published further evidence support this view 
1923 (5). 

Ewing (2, 375) has emphasized the close relation between tuberculosis 
and disease, indicated the similar granulomatous nature the 
two processes, the finding acid-fast bacilli some the lesions, the 
rarely positive atypical reaction produced experimental animals, and the 
not uncommon incidence generalized tuberculosis terminal mani- 
festation. Subsequent the investigations Fraenkel and Much, Ewing 
identified Gram-positive granules and frequently acid-fast rods many the 
lesions Hodgkin’s disease, further strengthening his theory that the tubercle 
bacillus plays important part its etiology. 

L’Esperance (7), 1929, reported the successful isolation avian tubercle 
bacilli from two cases Hodgkin’s disease. 1930 and 1931 she published 
the results the bacteriological findings two more cases (8, 9), one 
Hodgkin’s disease, and one Pel-Epstein disease, and the strength her 
findings advanced the claim that the avian tubercle bacillus was the etiologic 
agent least some forms the disease. Unfortunately 

original work open criticism much she failed eliminate the 
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possibility spontaneous tuberculosis among the birds used her experiments. 
She also failed identify the strains isolated, first regards their ability 
form tuberculin, but mainly regards their pathogenicity for the guinea pig, 
rabbit and fowl. Furthermore, the present time, account supporting 
the foregoing findings has appeared the literature. Branch (1) failed 
isolate tubercle bacilli from three typical cases Hodgkin’s disease. 
further states that Van Ess had negative results three cases Hodgkin’s 
disease; Aronson, the Henry Phipps Institute, failed isolate tubercle bacilli 
either culturally inoculation chickens two cases Hodgkin’s disease; 
and Shultz was unsuccessful producing tuberculous lesions fowl with 
typical Hodgkin’s material. 

Because her interest avian tuberculosis man, and mainly because 
the possible association the avian tubercle bacillus with Hodgkin’s disease, 
the writer undertook study this subject. Since 1930, she has studied 
histologically and bacteriologically unusual cases adenopathy, designated 
atypical tuberculosis, avian tuberculosis, and atypical Hodgkin’s disease, 
but this communication, the writer will limit her report five cases 
clinically and histologically typical Hodgkin’s disease. 


Materials and Methods 


every case, the material for study was lymph gland removed oper- 
ation. four instances the gland was removed from the region the neck, 
and one from the inguinal region. 

The tissue for study was divided into two parts. One part was fixed 10% 
formalin for microscopic section, the other was ground with sterile sand, 
emulsified normal saline, and with this the following experimental animals 
were inoculated (a) two normal guinea pigs; (b) two normal rabbits; (c) two 
three young, tuberculin-negative fowl. The guinea pigs each received 0.5 
cc. the emulsion subcutaneously; the rabbits and fowl, cc. intra- 
venously. 

addition, the material from four the five cases studied was cultured 
directly plain and glycerol-egg medium. 

The animals were carefully watched. Some the guinea pigs and rabbits 
were sacrificed, while the fowl were allowed die spontaneously, inasmuch 
the incubation period the avian tubercle bacillus fowl indefinite, varying 
from four twelve months. The guinea pig relatively immune infection 
with the avian tubercle bacillus, whereas the rabbit extremely susceptible, 
the animal dying less than three weeks generalized infection, frequently 
without evidence localization tubercle formation. Fowl are naturally 
susceptible this type infection. The results these analyses were 
negative, with the exception one case which strain the human type 
tubercle bacillus was isolated from both inoculated guinea pigs. 

Case Case Reports 


Jack B., male, age years. Admitted the Hospital for Sick Children 
October 24, 1929, complaining swelling gland right side neck, 
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one year’s duration. Physical examination revealed diffuse swelling the 
glands right side neck extending from behind the ramus the mandible 
about the level thyroid cartilage below. This mass was made many 
smaller glands. 

Operation. Removal gland. 

Microscopic findings. The general topography the gland was altered. 
places the capsule was thickened and running through the gland could seen 
few fibrous bands. One these was quite wide, and could seen moder- 
ate degree lymphocytic infiltration. The germinal centres were ill-defined 
and the bulk the tissue had been replaced cells which were rather larger 
than lymphocytes. Among these could seen few fairly large mononuclear 
cells and very occasional one which there were several nuclei. Scattered 
throughout were seen quite number cells undergoing mitosis. 

Diagnosis. granuloma. 

Bacteriologic findings. Two guinea pigs, inoculated subcutaneously with 
emulsion the gland, died intervals two and three months respectively, 
and proved negative for tuberculosis. The rabbits survived four and four and 
half months respectively, and were free from any evidence tuberculosis 
post mortem. The fowl died after seven and ten months respectively, and 
proved free from tuberculosis. 


Case 

Cecil R., male, age years. Admitted the Hospital for Sick Children 
Sept. 1930, complaining swelling glands neck for the past two years. 
Tonsils and adenoids were removed 1929, without any influence upon the 
glands the neck. Physical examination revealed the cervical glands, 
particularly posterior left group, markedly enlarged. Axillary glands large 
and firm. Inguinal glands slightly enlarged. Liver, three fingers’ breadth 
below costal margin; spleen enlarged level iliac crest. 

Clinical disease. 

Operation. Excision glands left side neck. 

Microscopic findings. The general topography the gland had been 
greatly altered, the great bulk the lymphoid tissue had been replaced 
cells which included endothelial cells, proliferating fibroblasts and some small 
mononuclear cells. The germinal centres were very indistinct. Amongst the 
various types cells could seen fairly numerous mitotic figures, also oc- 
casional eosinophiles. 

Diagnosis. granuloma. 

findings. Two guinea pigs died three and four months after 
inoculation and proved negative for tuberculosis. The rabbits died intervals 
six weeks and four months respectively, and proved free from tuber- 
culosis. The fowl died four and seven months after inoculation, and proved 
free from any evidence tuberculosis, gross microscopic. 


Case 


Mr. S., age years, admitted the Wellesley Hospital complaining 
swelling glands neck, eight months’ duration. Physical 
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examination revealed extensive bilateral swelling glands the 
lary glands enlarged and firm, otherwise examination negative. 

Clinical diagnosis. Hodgkin’s disease. 

Operation. gland right side neck. 

Microscopic findings. The general structure glands was greatly altered. 
Much the lymphoid tissue had been replaced endothelial cells. Scattered 
throughout were large cells with pale-staining cytoplasm, and large vesicular 
nuclei. 

Pathological diagnosis. granuloma. 

Bacteriologic findings. Two the inoculated guinea pigs died intervals 
six and seven months, and proved free from tuberculosis. Two the 
rabbits were killed three and three and half months respectively, and 
proved free from tuberculosis. the two inoculated chickens, one 
died five, and the other nine months later, and proved free from any 
evidence tuberculosis. 


Case 


Mr. G., age years, admitted Christie Street Hospital, with history 
swelling glands neck, axillae and groin, two years’ 
cal examination revealed moderately extensive involvement glands 
both sides neck, axillae and groins. were palpable. The 
spleen was enlarged and nodular. The liver was palpable. 

Clinical diagnosis. disease. 

Operation. Excision inguinal gland. 

Microscopic findings. general topography the gland had disappeared. 
There was considerable increase the connective tissue the capsule. 
some areas the bulk lymphoid tissue had been replaced proliferating 
endothelial cells. Occasional typical Sternberg cells were seen. few 
places there was small amount eosinophilic infiltration. 

Pathological diagnosis. disease. 

Bacteriologic findings. Two guinea pigs inoculated with emulsion 
this gland were killed and autopsied six weeks later, and showed signs 
generalized tuberculosis, from which source typical human strain the 
tubercle bacillus was isolated. The rabbits which were killed intervals 
two and five months respectively, proved free from any evidence 
tuberculosis. Two tuberculin-negative chickens, inoculated intravenously 
with emulsion from this gland, died intervals two and eleven months 
respectively and proved free from any evidence tuberculosis. 


Case 


Mrs. L., age years, admitted the Toronto General Hospital 
July 1931,complaining swelling both sides neck, months’ duration. 
Physical examination revealed left side neck numerous palpable glands, 
which were firm, discrete and not tender, varying size from that walnut 
that apea. were situated immediately above the clavicle, posterior 
the sterno-cleido-mastoid. There were two large glands just above the 
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clavicle and smaller ones scattered above that. Palpable glands present 
the right side the same situation, but fewer number. 

Clinical diagnosis. Hodgkin’s disease. 

Operation. Excision glands left side neck. 

Microscopic findings. Sections showed the normal topography the gland 
completely destroyed. Broad bands fibrous tissue surrounded discrete 
islands cells, among the latter being lymphocytes, large pale endothelial 
cells, frequent mononuclear giant cells and eosinophiles, and occasionally 
multinuclear giant cell. Occasional lymphocytes were scattered throughout 
the fibrous tissue, also numerous eosinophiles. 

Bacteriologic findings. Two guinea pigs inoculated subcutaneously with 
emulsion from these glands were sacrificed two and six months after 
inoculation, and proved free from tuberculosis. Two rabbits, killed 
two and four months respectively, were free from any evidence tuberculosis. 
One chicken died two weeks later intercurrent infection, and the second 
bird died four months later, and showed evidence tuberculosis, gross 
microscopic. 


Summary and Conclusions 


Five cases clinically and histologically typical Hodgkin’s disease were 
investigated bacteriologically. four the cases studied the disease 
occurred males, one instance female. The youngest patient the 
group was boy, six years age, the oldest, man, forty-two years age. 
The duration the disease varied from months years before material 
was submitted for study. two the cases studied the disease was limited, 
far could ascertained, the lymph glands. Two the patients 
showed marked splenic and hepatic four instances, the gland 
tissue failed produce any evidence tuberculous infection, gross micro- 
scopic, guinea pigs, rabbits normal fowl. 

one instance, inguinal gland, which histologically was typical 
Hodgkin’s granuloma, proved infective for the guinea pig. typical human 
strain the tubercle bacillus was isolated culture. The isolation 
human strain tubercle bacillus from Hodgkin’s granuloma interesting, 
but not unique. 

instance was the tubercle bacillus isolated directly culture from 
Hodgkin’s material. 

the present time the writer has failed substantiate the possible 
association between the avian tubercle bacillus and Hodgkin’s disease. 
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STUDIES REACTIONS RELATING CARBOHYDRATES 
AND POLYSACCHARIDES 


CYCLIC ACETAL AND KETAL FORMATION FROM 
a-PHENYL GLYCEROL FURTHER EXAMPLES THE 
PARTITION 


Abstract 


The work represents extension the ring partition 
the interaction glycerol with acetone and p-nitrobenzal- 
dehyde respectively. The glycerol was prepared the form pure 
crystalline product from alcohol and condensation with acetone 
yielded the two expected, isomeric, five-membered (dioxolane) ring compounds. 
These two isopropylidene derivatives were isolated and their structures definitely 
determined the usual hydrolysis and methylation technique. this manner 
the corresponding and ethers a-phenyl glycerol were isolated, the 
identity which had been previously settled direct synthesis employing well- 
established reactions. 

The ether glycerol was obtained methylating crystal- 
line 1:3 p-nitrobenzylidene glycerol and then hydrolyzing the ether. 

Condensation p-nitrobenzaldehyde with a-phenyl glycerol should yield, 
according the “ring partition one six- and two five-membered cyclic 

The crystalline isomer separating from the crude condensation product was 
shown the six-membered cyclic acetal. Removal this left viscous oil 
containing the five-membered acetals which, methylation, and subsequent 
hydrolysis, yielded small amount the ether a-phenyl glycerol, 
thus indicating the presence some p-nitrobenzylidene glycerol the original 
reaction product. Due the large number theoretically possible five-mem- 
bered rings was not found possible isolate, prove the presence of, both 


five-membered acetals the oil left after removal the crystalline six-membered 
acetal. Presumably both the structural five-membered acetals were formed, 
but due their mutual solubility relations was not possible bring about 
separation crystalline forms. 


Introduction 


the earlier work relating the synthesis cyclic acetals and ketals 
various carbohydrates and polysaccharides carried out Fischer (2, and 
Irvine (17), was tacitly assumed, though without any proof, that such 
products benzylidene glucose, isopropylidene glucose, benzylidene glycerol, 
etc., all possessed five-membered ring configuration. and Hill, 
some ten years ago, first pointed out (9, 748) that such assumptions were 
not necessarily true and conjunction with various coworkers were able 
show that, during the condensation aldehyde with polyhydroxy alcohol, 
glycerol, “ring occurs (7, 11, 12, 14, 15) giving reaction 
product consisting mixture five- and six-membered cyclic acetal 


and 
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For the study the formation and properties cyclic acetals means 
further confirming the theories ring formation and the partition principle, 
glycerol was chosen the most suitable polyalcohol. The various theories 
dealing with ring closure organic compounds emphasize the ease formation 
both five- and six-membered rings. Glycerol contains both primary and 
secondary alcoholic groups and, just the case the sugars, presents the 
opportunity for the formation both five- and six-membered rings when 
condensed with carbonyl compound. Due the symmetry the molecule 
difficulties due optical isomerism, such are found the sugars, are not 
introduced. the facts concerning the behavior cyclic acetals accumulated, 
was thought that the use substituted glycerol might give results which 
would interest, since substituted glycerol still more closely related 
the sugars than glycerol itself. opportunity would also afforded 
test out the validity the ring partition principle still more complex 
case. a-Phenyl glycerol was therefore chosen for this work and attempt 
made isolate all the theoretically possible structural isomers obtained 
condensing this alcohol with p-nitrobenzaldehyde and with acetone. 

The presence the phenyl group the a-position phenyl glycerol makes 
possible the formation three structural isomers during the condensation 
phenyl glycerol with p-nitrobenzaldehyde. Due the rigidity the ring, 
each these turn may exist geometrical isomers (8) and the presence 
the two asymmetric carbon atoms (*) indicates that each isomer must exist 
optically resolvable, racemic forms. Further modifications might also 
expected from the asymmetric carbon atoms each the structural 
isomers. This complexity may seen glance the diagram page 
631, which the possibilities for structural ring isomerism are indicated. 

means identifying the possible structural isomers formed during the 
condensation a-phenyl glycerol with acetone and 
was necessary prepare derivatives a-phenyl glycerol such methods 
that the position the group introduced was known, and then use these 
reference compounds identifying the products formed the actual con- 
densation. The methyl ethers a-phenyl glycerol were chosen the most 
satisfactory reference compounds, since has been shown Hibbert and 
Whelen (13) that the methyl group does not migrate during hydrolysis reactions 
with this type compound. 

was prepared the methylation alcohol with silver oxide and 
iodide followed oxidation the double bond with dilute potassium 
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permanganate. This method, stated Fairbourne and Foster (1), yields 
product high degree purity, and was possible prepare crystalline 


methyl ether melting 54° The a-methyl ether a-phenyl glycerol was 
prepared methylating 1:1 phenyl vinyl carbinol, obtained the inter- 
action phenyl magnesium bromide with acrolein, and oxidizing the 
resulting methyl ether with dilute potassium permanganate. This compound 


was also crystalline and has melting point 68° 


CHOH 


CH.OH 


The glycerol used this work was prepared treating cinnamyl 
alcohol with benzoylhydroperoxide and hydrolyzing the resulting glycidol 
with 0.02 hydrochloric acid Moureu and Gallagher (18) had 
previously obtained glycerol colorless, very viscous oil distilling 
185-186° C./5 mm. but were unable obtain crystalline form. was 
found that the glycerol prepared above crystallized standing 
room temperature, the crystals melting 98-99° 


Condensation a-Phenyl Glycerol with Acetone 

has been shown that the condensation glycerol with acetone gives only 
five-membered ring (16), all attempts isolate the six-membered isomer 
having failed (10). was, therefore, interest determine whether 
occurs when acetone condensed with a-phenyl glycerol, there 
existing the possibility for the formation two isomeric five-membered rings 
due the presence the group the 

The condensation a-phenyl glycerol with acetone was carried out the 
presence anhydrous copper sulphate order eliminate the possibility 
ring migration, which would occur acid medium. The isopropylidene 
a-phenyl glycerol thus obtained was methylated and, after fractional distilla- 
tion, the products compared with those resulting from the condensation the 
and y-methyl ethers glycerol with acetone. hydrolysis the 
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corresponding methyl ethers a-phenyl glycerol were obtained, indicating 
that during the condensation partition had occurred with the formation 
the two isomeric five-membered isopropylidene a-phenyl glycerols. The ratio 
the crystalline ether the crystalline y-methyl ether (obtained 
hydrolysis the methylated isopropylidene phenyl glycerols) was found 
approximately 3:2. (This ratio only very approximate, due the 
difficulty separating completely the structural isomers.) The relation 
these derivatives one another and the two reference glycerol 


TABLE 
B.p.159° C./8 mm. B.p. 115-117° C./7-8 mm. B.p. 130-132° C./4 mm. 
B.p. 154-157° C./11 mm. B.p. 111-114° C./5-6 mm. B.p. 126-128° C./3- 
1.4958 4mm. 54°C. 
CHOH 
CH,OH 
B.p. C./11 mm. B.p. 115-117° 135-140° C./4 mm. 
B.p. 154° mm. B.p. 117-120° C./7 mm. B.p. 138-140° C./4 mm. 
M.p. 68° 1.4979 M.p. 68° 


Condensation a-Phenyl Glycerol with p-Nitrobenzaldehyde 


According the ring partition principle three structural isomers are 
expected from the condensation p-nitrobenzaldehyde with 
namely, two five-membered rings and one six-membered ring. analogy 
with p-nitrobenzylidene glycerol was expected that the six-membered 
ring isomer would prove crystalline product and this was found 


a | 

7 


CYCLIC ACETALS AND KETALS FROM GLYCEROL 633 


the case. crystallized very slowly from benzene-petroleum ether solution 
the form rosettes fine yellowish needles. Repeated recrys- 
tallization did not give sharp melting point (m.p., 120-122° C.) and, after 
standing room temperature for week, the melting point became even more 


TABLE 
CHOH 


1:3-p-Nitrobenzylidene phenyl glycerol (m.p. C.) 


BENZOYLATION METHYLATION 

CHOCH; 
1:3-p-Nitrobenzylidene 1:3-p-Nitrobenzylidene 

glycerol-2-benzoate ether 

(Mixture two geometrical isomers) (Mixture two geometrical isomers; 
M.p. 141-143° m.p., 96° and 113-115° C.) 
Acid Condensation with 
hydrolysis p-nitrobenzaldehyde 


a-Phenyl glycerol ether 
B.p. C./5-6 mm. 
M.p. 44-45° 


indefinite (m.p., 120-127° C.). Failure obtain sharp melting point 
probably attributed the spontaneous transformation one geometrical 
isomer into the other, has been observed with the six-membered p-nitro- 
benzylidene glycerol (8), and similar the known transformation the cis- 
into the trans- form dibenzoylethylene (19). efforts separate this solid 
product into two different substances, one which might have been one the 
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five-membered ring forms, failed. Recrystallization resulted practically 
quantitative recovery solid melting Methylation the six- 
membered isomer, followed acid hydrolysis, gave the ether 
glycerol (m.p., 44-45° C.). indication was found the a-methyl 
ether (m.p., 68° C.) the y-methyl ether (m.p., 54° C.) which would have 
been expected the crystalline material obtained had been mixture the 
six-membered isomer with one both the five-membered forms. The 
proof the structure the crystalline 1:3-p-nitrobenzylidene glycerol 
given Table II. 

The very viscous oily residue, which remained after the crystalline isomer 
had been removed completely possible, and which formed the greater 
part the product from each condensation, is, according the “ring partition 
presumably mixture the two five-membered ring isomers 
(III and IV). 


III 


attempt separate these two isomers, two methods were applied: 
(1) fractional distillation and fractional precipitation means organic 
solvents, and (2) preparation solid derivative. 

The attempt fractionally distil the oil resulted decomposition the 
product 250° spite the low pressure used (0.01 mm.). The numerous 
attempts made fractionally precipitate one the isomers means 
various solvents were unsuccessful. Neither the isomers was obtained 
crystalline form cooling —40° the oil itself set hard glassy mass 
and solution the oil merely gave heavy sludge from which, filtration, 
crystals could obtained. 

the attempt prepare solid derivatives from the crude mixture, attention 
was first directed the methylation the mixture five-membered rings. 
identification compounds for these two cyclic acetal methyl ethers, the 
and y-methyl ethers phenyl glycerol were condensed with p-nitrobenzal- 
dehyde. difficulty was experienced obtaining crystalline product from 
the condensation with the a-methyl ether and the two expected geometrical 
isomers were separated (m.p., 79-80° and C.). The condensation 
the y-methyl ether with p-nitrobenzaldehyde, however, gave dark red, 
viscous oil which resisted all efforts obtain crystalline form. 
attempt was made obtain the product pure state distillation low 
pressure but this brought about decomposition the oil. was hoped, 
therefore, that methylation the oil obtained from the condensation 
glycerol with p-nitrobenzaldehyde, followed seeding with crystal the 
solid identification compound, would lead separation the two five- 
membered rings. solid could obtained from the viscous oil, however, 
under any condition used. 
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The oily mixture five-membered isomers was then subjected acetylation, 
benzoylation, and m-brombenzoylation respectively, effort prepare 
crystalline acetates, benzoates m-brombenzoates, but without success. 
Trityl chloride, presence pyridine, reacts preferentially with primary 
hydroxyl groups when added compound which contains both primary and 
secondary hydroxyl groups (5). The isomer (IV) contains primary hydroxyl 
group, whereas the isomer (III) contains secondary hydroxyl group. 
treatment with trityl chloride (IV) should form trityl derivative while, under 
the same conditions, (III) would not. chloride, presence pyridine, 
was added the crude acetal mixture equimolecular proportions, according 
the method described Helferich (4), but crystalline trityl derivative 
was obtained. The crude mixture was then subjected methylation 
means silver oxide and methyl iodide, the expectation that mixture 
two solid derivatives might obtained, namely: 


which might expected differ considerably their solubility relations. 
This mixture was kept under varying conditions temperature, different 
solvents, for period over three months but there was indication the 
separation any crystalline material. 

The oily mixture acetal ethers was then subjected acid hydrolysis 
attempt isolate the and ethers phenyl glycerol. was 
found that hydrolysis did not take place readily with the p-nitrobenzylidene 
glycerols with the p-nitrobenzylidene glycerols. small amount 
oil was obtained with boiling point corresponding very closely the boiling 
point the expected methyl ethers. From this oil was possible separate 
few crystals the y-methyl ether phenyl glycerol (m.p., C.) but 
crystals the higher melting isomer (m.p., 68° C.) were obtained. This 
same difficulty was encountered with the methyl ethers obtained from the 
isopropylidene phenyl glycerols. Crystals separated from the oily mixture 
the two isomers only after cooling —12° for several weeks. The 
ether crystallized much more readily from the mixture than the 
ether, the latter crystallizing out only when quite pure. 

The difficulty experienced obtaining the crystalline form these methyl 
ethers from mixture the two isomers explainable, all probability, the 
fact that isomeric forms are possible. Each the ethers contains two 
asymmetric carbon atoms (*). 


There thus the possibility the formation two isomeric inactive mixtures 
the case each ether with the result that crystals form very slowly, 
all, the mixture. 
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has already been pointed out that each the structural isomers formed 
during the condensation a-phenyl glycerol with p-nitrobenzaldehyde 
capable existing several geometrical and optical forms. The presence 
these various isomers renders crystallization extremely difficult. the work 
with sugars, for example, has often been impossible obtain sugar its 
derivative the crystalline state trace impurity present. 
various isomeric forms are also similar that they serve mutual solvents 
for each other and thus prevent crystallization. This difficulty was encount- 
ered all stages this work with the result that the derivatives prepared, 
although they should have been capable isolation solids—by analogy with 
the corresponding p-nitrobenzylidene glycerol compounds—persisted viscous 
oils which could not induced crystallize. 


Experimental 


Preparation a-Phenyl Glycerol 

chloroform solution benzoylhydroperoxide containing 4.69 gm. active 
oxygen, prepared the method revised Hibbert and Burt (6), was mixed 
frequent shaking during the first hour. The benzoic acid formed during the 
reaction was removed shaking the solution with excess 10% sodium 
hydroxide, the alkali removed washing with water and the chloroform 
solution dried over anhydrous sodium sulphate. After removal the chloro- 
form, the product was fractionated under reduced glycidol 
(34.3 gm.) was obtained boiling C./5 yield, 82.8%. 
cooling the oil solidified mass wax-like crystals; m.p., 26.5° 
Analysis:— Caled. for 72.00; 6.66%. Found: 71.89; 
6.58%. wt.: 150. Found (in 155.2. 

The above glycidol was treated with ten times its volume 0.02 
hydrochloric acid and stirred constantly for six hours. After neutralizing the 
acid shaking with silver carbonate, the solution was filtered and evaporated 
and the remaining oil distilled under reduced pressure, giving 32.6 gm. 
glycerol; b.p., 184-186° C./5 mm.; yield, 84.9%. glycerol 
colorless, odorless, hygroscopic, very viscous oil, soluble water and 
alcohol. standing room temperature solidified. Recrystallization 
from alcohol gave colorless crystals; m.p., 98-99° for 
64.28; 7.14%. Found: 64.15, 64.08; 6.95, 7.03%. 


PREPARATION THE METHYL ETHERS a-PHENYL GLYCEROL 


Preparation the y-Methyl Ether, 


iodide (71 gm., twice the theoretical amount) was added 
ether solution gm. alcohol three-necked flask fitted with 
electric stirrer and reflux condenser. this mixture, which was con- 
stantly stirred, was added gm. silver oxide (twice the theoretical amount) 
five portions intervals min. Just enough heat was applied keep 
the methyl iodide gently refluxing. the end six hours the reaction 
mixture was extracted several times with ether, the extract dried over potassium 
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carbonate and removed distillation. fractionating the residue, 
31.2 gm. the ether alcohol was obtained; b.p., 
C./8 yield, 81.0%. Caled. for 81.08; 8.10%. 
Found: 81.10; 8.00%. 

Following the method Fairbourne and Foster (1), 1800 cc. aqueous 
solution potassium permanganate was added room temperature, 
grams the above methyl ether dissolved 2200 cc. acetone. After 
standing for hours, the hydrated manganese dioxide was removed fil- 
tration, the filtrate carefully neutralized with dilute hydrochloric acid and the 
acetone distilled off. The aqueous solution was evaporated water bath 
150 cc. and then fractionated. 159° C./8 mm., 2.8 gm. pale yellow 
viscous oil distilled over which crystallized yellow needles the condenser 
(yield, 20.7%). recrystallization, colorless crystals were obtained which 
melted 54° The crystals are soluble cold ether, benzene, alcohol and 
water; insoluble petroleum ether. Calcd. for 
65.93; 7.74%. Found: 65.80; 7.79%. Methoxyl: 17.04. 
Found; 16.95%. 


Preparation the a-Methyl Ether, 


1:1 Phenyl vinyl carbinol was prepared according the method described 
Moureu and Gallagher (18) using phenyl magnesium bromide and acrolein. 
1:1 Phenyl vinyl carbinol (32.9 dissolved cc. dry ether was 
methylated with gm. iodide and gm. silver oxide. color- 
less limpid oil (25.9 gm.) was obtained; b.p., yield, 
71.3%. Calcd. for 81.08; 8.10%. Found: 
80.55; 8.05%. 

Oxidation the above ether with dilute potassium permanganate 
gave 3.2 gm. colorless crystals; m.p., 68° C.; yield, 26.0%. 


RING PARTITION OCCURRING DURING THE CONDENSATION 
a-PHENYL GLYCEROL WITH ACETONE 


Condensation a-Phenyl Glycerol with Acetone 

a-Phenyl glycerol (21.7 gm.) was mixed with 140 gm. pure dry acetone 
(20 times the theoretical amount) and gm. anhydrous copper sulphate 
added. The mixture was stirred, with mechanical stirrer, for five days 
60° C., although had become homogeneous, except for layer copper 
sulphate, after ten hours. After filtering, the acetone was removed under 
reduced pressure and 23.6 gm. slightly viscous oil obtained; b.p., 
Found: 69.28, 69.32; 7.70, 7.75%. 

The oil was then fractionally distilled effort separate partially the 
two possible isomers, the second fraction being arbitrarily collected about 
the middle the boiling point range: (a) 13.4 gm: b.p., C./11 mm.; 
(b) 9.0 gm.; b.p., C./11 mm. 
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Methylation the Isopropylidene a-Phenyl Glycerols 

The above fractions isopropylidene a-phenyl glycerol were methylated 
separately using silver oxide and methyl iodide; fraction (a) was treated 
with 37.2 gm. methyl iodide and gm. silver oxide (approximately four 
times the theoretical quantity); fraction with 26.0 gm. methyl iodide 
and 21.6 gm. silver oxide. The reaction was carried out the manner 
described above for the methylation alcohol, except that the 
mixture was stirred for two days after the last addition silver oxide. 
distillation, 8.5 gm. oil was obtained from fraction (a); b.p., C./ 
5-6 mm.; 1.4980; and oil from fraction b.p., 111-114°C./ 
5-6 mm.; 1.4958. Fraction (a): Calcd. for 
70.27; 8.10%. Found 69.82, 69.81; 8.00, 8.00%. wt.: 
222, Found (in 238. Fraction for 


Hydrolysis the Isopropylidene a-Phenyl Glycerol Methyl Ethers 

Each the above acetone methyl ethers was hydrolyzed refluxing for 
six hours with cc. 70% methyl alcohol containing drop concentrated 
hydrochloric acid. The acid was neutralized with silver carbonate, the solu- 
tions filtered and concentrated. The solutions were then fractionally distilled 
with the following results: 

The product from fraction (a) yielded 3.3 gm. pale yellow rather viscous 
oil; b.p., C./4 mm. seeding this oil with few crystals the 
a-methyl ether phenyl glycerol and cooling —12° C., 1.5 gm. crystals 
was obtained which recrystallization from benzene melted 68—69° 
(Melting-point the ether glycerol, 68° C.) 

The product from fraction yielded 3.0 gm. pale yellow oil; b.p., 
seeding this oil with few crystals the y-methyl 
ether phenyl glycerol and cooling —12° C., 1.0 gm. white crystals was 
obtained; m.p., 54° (Melting-point the y-methyl ether phenyl 
glycerol, 54° C.) 


Condensation the a-Methyl Ether Phenyl Glycerol with Acetone 

The ether phenyl glycerol (6.4 gm., m.p. 68° C.) was condensed 
with gm. dry acetone the presence gm. anhydrous copper 
sulphate described above. The amount isopropylidene glycerol 
methyl ether obtained was 3.0 gm.; b.p., C./7 mm.; 1.4979. 
hydrolysis 2.3 gm. oil was obtained (b.p., 138-140° C./4 mm.) which 
crystallized the condenser. Recrystallization gave melting point 
68° C., corresponding with that the ether originally taken. 


Condensation the Methyl Ether a-Phenyl Glycerol with Acetone 

condensing 2.6 gm. the ether phenyl glycerol (m.p., 54° C.) 
with gm. acetone, 2.2 gm. the ether isopropylidene 
glycerol (b.p., 115-117° C./7-8 mm.; =1.4958) was obtained. Hydrolysis 
gave 1.5 gm. oil (b.p., C./4 mm.) which immediately solidified and 
recrystallization melted 54° that is, the same melting point the 
y-ether originally taken. 
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Condensation the a-Methyl Ether Phenyl Glycerol with 

This condensation was carried out according the method used for the 
preparation the p-nitrobenzylidene glycerols (8). The a-methyl ether 
glycerol (8.0 gm.) was condensed with 6.4 gm. p-nitrobenzaldehyde, 
using one drop 40% sulphuric acid catalyst. oil (12.3 gm.) was 
obtained which immediately solidified; yield, 92.0%. recrystallization 
from mixture ethyl acetate and petroleum ether, very fine white crystals 
were obtained which softened 58° and melted completely 76° 
Analysis: Caled. for 64.76; 5.39%. Found: 64.70; 
5.45%. fractional crystallization two crops crystals (a) rather large 
flat hexagonal crystals (m.p., C.), and rosettes very fine, long 
white needles (m.p., C.) were obtained. These two isomeric acetal 
ethers have practically the same solubilities; they are easily soluble 
cold benzene, ether and acetate, hot ligroin (b.p., C.) but in- 
soluble water. 


Condensation the y-Methyl Ether Phenyl Glycerol with 

The ether (7.6 gm.) was condensed with 6.0 gm. p-nitrobenzal- 
dehyde the same manner. viscous, dark red oil was obtained (11.2 gm.; 
yield, 90%) but, spite all efforts, the oil could not induced crystallize. 
attempt distil the oil resulted decomposition 250° C./0.024 mm. 
The oil was soluble benzene, ether, and acetate and insoluble alcohol 
and water. Analysis: for 64.76; 5.39%. Found: 
64.67; 5.50%. 


Condensation the a-Phenyl Glycerol with 

a-Phenyl glycerol (23 gm.) was condensed with gm. 
dehyde The dark red oil obtained was dissolved benzene, 
washed with saturated sodium bisulphite solution, followed dilute sodium 
bicarbonate and water, and dried over potassium carbonate. cooling 
gm. yellowish needles and 22.6 gm. viscous oil were obtained 
(total yield, 86.9%). The crystals were readily soluble ether, acetone, 
warm benzene and alcohol but insoluble ligroin and water. Analysis 
crystals:— for 63.78; 4.98%. Found: 63.86; 
5.06%. 

The viscous oil has practically the same solubilities organic solvents 
the crystalline 1:3-p-nitrobenzylidene phenyl glycerol. Analysis oil:— 
for 63.78; 4.98%. Found: 63.09; 5.19%. 


PROOF THE STRUCTURE THE CRYSTALLINE 1:3-p-NITROBENZYLIDENE 
1-PHENYL GLYCEROL 
Methylation 1:3-p-Nitrobenzylidene 1-Phenyl Glycerol. 

The crystalline 1:3-p-nitrobenzylidene a-phenyl glycerol (20 gm., m.p., 
C.) was methylated using gm. methyl iodide and gm. silver 
oxide. Crystalline 1:3-p-nitrobenzylidene a-phenyl glycerol-2-methyl ether 
(10.4 gm.) was obtained (yield, 49.7%). had indefinite melting 
point, 90-97° Caled. for 64.76; 5.39%. 
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Found: 64.62; 5.40%. fractional recrystallization from benzene and 
petroleum ether two types crystals were obtained: (a) first crop large 
white monoclinic crystals (m.p., 96° C.) soluble cold benzene, ethyl acetate, 
ether, acetone and warm ligroin but insoluble water; and second crop 
small yellowish nodules (m.p., C.), slightly more soluble organic 
solvents than the previous isomer. 


Acid Hydrolysis the 1:3-p-Nitrobenzylidene Phenyl Glycerol-2-Methyl Ether 


Ethyl alcohol (118 containing cc. concentrated hydrochloric acid 
was added 9.6 gm. the above acetal methyl ether (m.p. C.) and 
refluxed for eight hours. While warm, the solution was perfectly clear but 
cooling room temperature considerable amount solid separated out, 
m.p. C., showing that this acetal not easily hydrolyzed under 
acid conditions the analogous 1:3-p-nitrobenzylidene 
ether Another cc. hydrochloric acid was added and the mixture 
refluxed for further eight hours. The solution was then neutralized 
shaking with lead carbonate, filtered and evaporated one quarter its 
fractional distillation, 4.0 gm. pale yellow oil was obtained 
boiling 153-156° C./5-6 mm. (yield, 74.5%). Caled. for 

When kept for three weeks, crystallization the oil slowly took 
place, and after further two weeks 3.5 gm. white needle-like crystals the 
ether was obtained; m.p., 44° a-methyl ether 
glycerol melts 68° and the y-methyl ether 54° C.). 


Condensation the 3-Methyl Ether Phenyl Glycerol with 

The above ether gm.) was condensed with 1.5 gm. 
phenyl glycerol-2-methyl ether (2.8 
gm.) was obtained; m.p. C.; yield, 82.4%. 


Benzoylation 1:3-p-Nitrobenzylidene Phenyl Glycerol 

Crystalline 1:3-p-nitrobenzylidene glycerol gm.) was dissolved 
gm. dry pyridine and treated with gm. benzoyl chloride. The reaction 
flask was kept cold water during the addition the benzoyl chloride since 
considerable amount heat was generated the reaction. The mixture, after 
standing overnight room temperature, was poured cracked ice which 
caused the separation heavy oil; wt., 4.9 gm.; yield, 91.04%. From this, 
colorless crystals the acetal benzoate were obtained; m.p., 
The crystals were soluble ethyl acetate and benzene, slightly soluble 
ether and insoluble water. Calcd. for 68.15; 
4.69%. Found: 68.00; 4.74%. 


ATTEMPTED SEPARATION THE ISOMERIC FIVE-MEMBERED 
p-NITROBENZYLIDENE a-PHENYL GLYCEROLS 


Methylation the Mixture Five-membered Isomers 
Sixteen grams the dark red oil, remaining after separating the crystalline 
six-membered acetal completely possible, was methylated with 
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iodide (50 gm.) and silver iodide (33 gm.). The oily product obtained was 
seeded with few crystals the 
glycerol which had been prepared previously identification compound. 


spite all efforts crystalline product could isolated from this oil (A). 


Hydrolysis the Methylated Mixture Five-membered Isomers. 
crystals could obtained from this mixture, the oil was subjected 


acid hydrolysis order isolate, possible, the two isomeric ethers 


a-phenyl glycerol. portion (11.4 gm.) the product was dissolved 
small amount benzene, and refluxed with constant stirring for eight hours 
with 120 cc. 50% methyl alcohol containing cc. concentrated hydro- 
chloric acid. The mixture did not become homogeneous any time during 
this treatment, and cooling room temperature, 7.2 gm. oil separated 
out. The alcoholic layer was decanted off and the residual liquid again hydro- 


lyzed with 100 cc. 50% alcohol containing cc. concentrated hydrochloric 
acid. The combined alcoholic solutions were neutralized shaking with lead 


carbonate and then concentrated under reduced pressure about one-quarter 


the original volume. cooling C., 3.1 gm. p-nitrobenzaldehyde 
separated out. distilling the residue, 3.7 gm. liquid was obtained; 
b.p. 160-164° The product was divided into two portions and seeded with 
crystals the a-methyl ether glycerol (m.p., 68° C.) and the 
methyl ether (m.p., 54° C.) cooling —2° for two 
weeks, small amount crystalline substance with melting point 
52-54° was obtained, but none melting 68° Definite evidence 
thus obtained the presence one the five-membered isomers (IV) the 
mixture. 


Benzoylation the Mixture Five-membered Isomers 

portion (7.5 gm.) the oily mixture was benzoylated dry pyridine 
with 7.5 gm. benzoyl chloride. considerable amount heat was generated 
and precipitate pyridine hydrochloride separated almost immediately. 
crystals could obtained from the viscous product, however. Analysis 
crude oil:— for 68.15; 4.69%. Found: 67.95; 
4.75%. 

Negative results far concerned the isolation crystalline products 
were also obtained acetylation with acetic anhydride pyridine and 
m-bromobenzoylation with bromide pyridine. 


Preparation the Trityl Derivative one the Isomers the Acetal Mixture 
Trityl chloride (7.5 gm.) was mixed with 5.0 gm. the viscous oil dissolved 
gm. dry pyridine, and the mixture heated 100° for three hours. 
cooling room temperature, crystals pyridine hydrochloride separated 
out. The mixture was poured cracked ice when very viscous, heavy 
oil and white solid precipitated out. The latter was readily decanted 
the oil, filtered and recrystallized from ether. White crystals (2.9 gm.) were 
obtained melting (melting point carbinol, 162° C.). 
The heavy viscous oil was taken ether and the ether solution washed 
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times with cold water remove much the pyridine possible. The 
solution was dried over sodium sulphate and the ether allowed evaporate 
slowly vacuum desiccator over concentrated sulphuric acid. small 


amount crystalline triphenyl carbinol separated from the oily residue (B) 
but other product. 


Methylation the residual oil (B) 

portion (7.0 gm.) the residual oil (B) obtained above after removal 
the carbinol filtration was methylated with gm. methyl 
iodide and gm. silver oxide. The methylated product was left oil, 
which could not induced crystallize seeding ether solution with 
crystals the p-nitrobenzylidene derivative the a-methyl ether phenyl 
glycerol and cooling for six weeks. 
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643 
CERTAIN DERIVATIVES 


Abstract 
The following new derivatives diphenyl have been prepared: p-phenyl- 
carbinol, benzal dibromide, benzoyl 
methane, 3-phenyl-5-xenylisoxazol, and 3-xenyl-5-phenylisoxazol. 
The original purpose this work was ascertain whether suitable method 
for preparing w-methoxyacetophenone from phenacyl carbinol (II) could 
devised use diazomethane (which method had not that time been 


reported), the other usual procedures for methylation being unsatisfactory. 


carbinol has the undesirable physical properties low melting point, 
separation with water crystallization, and great solubility the usual 
solvents; further, prepared series reactions which all the inter- 
mediates have similar properties (5). Hoping avoid these experimental 
difficulties the use substituted derivative, p-phenylacetophenone 
was selected the starting material, since known that the introduction 
phenyl group into the benzene ring often raises the melting points and 
decreases the solubilities many substances (4). The steps the carbinol 


The acetate (V) known (4) but its hydrolysis the carbinol did not proceed 
smoothly was ultimately accomplished using alcoholic sul- 
phuric acid. 

Meanwhile Meerwein and Hinz (6) described the methylation phenacyl 
carbinol using diazomethane and proved that gave the ketol (VI), this 
work was discontinued. 


The writers’ secondary purpose was prepare certain hitherto unknown 
derivatives diphenyl, used reference compounds connection with 
other work going this laboratory. The starting point was benzal 
acetophenone (VII) which bromine was added form the saturated 
dibromoketone (VIII). This dibromide was boiled, first with sodium 
ate and then with acid form 1,3-diketone and the latter converted 
into the isoxazol (X). isomeric isoxazol (XI), the structure which 
known its method preparation (7, 667; 8), was made and found 
different, so, exclusion, the structure (X) must assigned the first 
isoxazol. These reactions are conveniently summarized follows: 

Contribution from the Department Chemistry, McGill University, Montreal, Canada. 


Assistant Professor Chemistry, McGill University. 
Graduate student, McGill University. 
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NaOH 


NaOH 


CH;COOK 
Experimental 

The necessary p-phenylphenacyl bromide was prepared the method 
Drake and Bronitsky (4), using animal charcoal for decolorizing both 
The acetate gm. potassium acetate, equal weight 
the bromide, and 150 cc. 60% alcohol was acidified litmus with acetic 
acid (this prevented the formation colored by-products) and warmed 
steam bath for three hours. cooling, the ester separated white leaflets 
yields 90-95%; m.p., 111° 

taining cc.of concentrated sulphuric acid was refluxed for three hours, the flask 
cooled freezing mixture, and the crystals filtered and recrystallized from 
alcohol, using animal charcoal for decolorizing. formed white leaflets, 
m.p. yield: 3.8 gm. 91%. sharp melting point could not 
obtained, spite repeated recrystallizations from different solvents. 
insoluble water soluble organic solvents. Calcd. 
unsuccessful attempts were made accomplish the hydrolysis methods 
recorded the literature for similar esters; only the above gave good result. 

carbinol formed phenylurethane with phenylisocyanate, 
re-formed the acetate with acetyl chloride, and gave 
hydrazone. The carbinol (0.5 gm.) and 0.7 gm. phenyl isocyanate 
small test tube were heated few minutes dish hot water; the mixture 
solidified cooling. was removed and recrystallized from alcohol; m.p. 
186-7° Caled. for 4.2%. Found: 4.1%. 
The acetate was made allowing solution the carbinol acetyl chloride 
evaporate dryness and recrystallizing from alcohol. melted 
and mixed melting point with the acetate made from the bromide was 
likewise 111° The 2,4-dinitrophenylhydrazone separated once when 
gm. carbinol cc. warm alcohol was added gm. 2,4-dinitro- 
phenylhydrazine cc. concentrated sulphuric acid and cc. alcohol. 
was recrystallized from mixture three parts ethyl acetate and one 
part alcohol, and formed scarlet needles, m.p. 222-23° with decomposition. 
slightly soluble methyl and ethyl alcohols, chloroform and benzene. 
Caled. for 14.3%. Found: 14.1%. 


*The writers are indebted the Dow Chemical Co., Midland, Michigan, for the diphenyl used 
this work, and take this opportunity express their appreciation this assistance. 
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ketone and 1.2 gm. benzaldehyde cc. hot alcohol was added cc. 
50% potassium hydroxide solution, and the whole heated boiling water 
under reflux condenser for half-hour. cooling, the unsaturated 
ketone crystallized; m.p. 156° The yield was 2.7 gm. 93%; gm. 
diphenyl gave 100 gm. unsaturated ketone two steps, over-all yield 
90%. Bergmann and Wolff (2) recently prepared this same ketone 

Benzal p-phenylacetophenone dibromide (VIII). The unsaturated ketone 
(2.8 gm., 0.01 mole) cc. warm carbon disulphide was cooled running 
water and solution 1.6 gm. bromine cc. the same solvent added 
with stirring. After standing for ten minutes room temperature with 
occasional shaking the solid was filtered and washed with aqueous sodium 
bisulphite; the yield was gm. and further 0.5 gm. solid was obtained from 
the filtrate total yield 75%). recrystallization from benzene formed 
white powder, m.p. 189° decomposed boiling with alcohols. 
for Br, 36.0%. Found: Br, 

Benzoyl p-phenylbenzoylmethane (IX). This was made the published 
method for dibenzoylmethane (1, 199) yield 80%; formed fine light 
yellow prisms, m.p. 112° C., and gave deep red color with ferric chloride. 
Calcd. for 84.0%; 5.3%. Found: 83.7%; 
5.2%. The copper derivative was made shaking ethereal solution 
the diketone with saturated aqueous solution copper acetate. separated 
olive-green powder, insoluble alcohol, ether, and benzene. After 
washing thoroughly with water and alcohol melted 290° with decom- 
position. Calcd. for Cu, 9.6%. Found: Cu, 9.4%. 

3-Xenyl-5-phenylisoxazol (X). The potassium chloride was filtered from 
mixture gm. potassium acetate, gm. hydroxylamine hydrochloride, 
and cc. glacial acetic acid, gm. the diketone added the filtrate, and 
the whole refluxed for two hours. Water was then added and the precipitated 
solid filtered and recrystallized from benzene. separated pearly leaflets, 
m.p. C.; yield; 0.8 gm., 70%. for 
4.7%. Found: 4.5%. 

3-Phenyl-5-xenylisoxazol (XI). mixture the above dibromide, gm. 
hydroxylamine hydrochloride, cc. alcohol, and cc. 40% aqueous 
sodium hydroxide was refluxed for half hour. The white solid that separated 
cooling was filtered and recrystallized from benzene. The yields were only 
Caled. for 4.7%. Found: 4.9%. 
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EXPERIMENTS THE PYROLYSIS GASEOUS 
PARAFFINS, WITH SPECIAL REFERENCE 
THE PRODUCTION 


CAMBRON? 


Abstract 


passing natural gas, containing 4.8% ethane, through electrically 
heated tungsten spiral, the formation liquid products was observed 1050° 

passing the same gas over electrically heated 4-mm. carbon rod enclosed 
uninsulated silica tube 2.0 cm. wide, 7.7% the gas was converted liquid 
and solid hydrocarbons rod temperature 1050-1100° liquids 
solids except carbon were formed when the silica tube was insulated. 

replacing the 2.0-cm. silica tube water-cooled Pyrex tube, 3.2 cm. wide, 
liquid solid hydrocarbons were obtained, but the gas was converted 
gaseous unsaturated hydrocarbons 993° passing ethane through the 
3.2-cm. water-cooled reaction tube rod temperature 989° C., 50.5% the 
entering gas was converted ethylene, and 90.0% the ethane decomposed did 

The dehydrogenation ethane was found greatly accelerated the 
presence reduced copper the tube, the metal being used the form cylin- 
drical wire gauze and placed around the carbon rod. Copper bronze coated with 
molybdic oxide was also found active under the same conditions. 


Introduction 


concise but very comprehensive review the literature the pyrolysis 
paraffin hydrocarbons was published Lomax review 
contains chronological index the literature the subject, covering the 
work published between 1809 and 1915. The work done the same subject 
Lowry, Jr. (1), and which covers the literature 1930. 

The procedure generally followed for studying the pyrolysis gaseous 
hydrocarbons consists passing the gases through externally heated tubes. 
The present work was undertaken with the object studying the pyrolysis 
natural gas and ethane different type apparatus. Instead 
using externally heated tubes, which the temperature the reaction space 
governed the temperature the walls the tube, internally heated 
reaction tubes were used, the source heat being electrically heated carbon 
rod placed axially the middle the tube. This arrangement allowed the 
average temperature the reaction space surrounding the rod varied 
between wide limits while the surface temperature the latter was kept 
constant. 


Experiments with Natural Gas 


The sample gas used was from Turner Valley, Alberta. was taken 
after passage through separator, and may considered representative 


Contribution from the National Research Laboratories, Ottawa. 


Research Chemist, National Research Laboratories, Ottawa. 
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the dry gas from this field. analysis carried out Podbielniak fraction- 
ating apparatus showed have the following composition 


Pentanes and higher hydrocarbons............ 0.6%* 


The gas was run through Burrell apparatus this laboratory, and found 
free from carbon dioxide, oxygen and nitrogen. 


OVER ELECTRICALLY HEATED TUNGSTEN SPIRAL 


Peters and Meyer (8) have described method for converting methane 
into acetylene good yield passing the gas under reduced pressure through 
electrically heated spiral tungsten Ata pressure mm. 
and contact period 0.0001 sec. they obtained product containing 15.4% 
acetylene; 66.5% the entering methane having been converted acetylene 
one passage. serious disadvantage this procedure would appear 
the very short life the spiral, due the formation tungsten carbide. 

the present author’s first experiments with natural gas, electrically 
heated tungsten spiral was used the source heat and the reaction vessel 
was similar that employed Peters and Meyer. was found that 
maintaining the spiral lower temperatures than the latter employed, liquid 
hydrocarbons could secured. Even, however, the optimum temperature, 
viz., about 1050° C., the yield such hydrocarbons was only 2-3% the gas 
introduced. Experiments were carried out both atmospheric and mm. 
pressure. The spirals used were 0.6 cm. outside diameter 4.0 cm. long, 
and were made 1.0-mm. tungsten wire. The use tungsten spirals 
source heat was abandoned because carbide formation, which appears 
quite rapid even 1050° C., limits the life the spirals few hours, and 
did not appear promising repeat the above experiments lower tem- 
perature, since Hilpert and Ornstein (3), heating finely divided tungsten 
the presence methane, observed the formation carbide temperatures 

OVER ELECTRICALLY HEATED CARBON 
Experiments Quartz Tubes 

all the subsequent experiments described herein, the source heat was 
electrically heated carbon rod (made from electrode carbon), and the reac- 
tion vessel, tube which the rod was placed axially. the first series 
experiments, the results which are given Table rod mm. diameter 


and various sizes silica tubes were used. The rod required about amperes 
bring its temperature 1050-1100° Some difficulty was experienced 


The author much indebted Mr. Rosewarne, Mines Branch, Ottawa, for making 
this 
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determining the temperature the rod the quartz tube experiments; 
approximate reading was obtained exposing about 0.5 cm. the rod beyond 
the exit end the tube and observing the rod with optical pyrometer. Such 
readings were somewhat low but permitted duplication experiments the 
same temperature. 


TABLE 


INFLUENCE OF DIAMETER OF QUARTZ REACTION TUBE ON YIELD OF LIQUIDS 


Diameter Contact Yield liquids and 
Length rod, silica tube, period, solid hydrocarbons, 
cm. sec. 
7.6 0.68 0.075 
14.6 0.88 0.35 6.75 
14.6 0.88 0.80 6.95 
14.6 10.1 7.7 
14.6 (insulated) 10.1 Trace 


Rod temperature: 1050-1100° 
The yield liquids and solids given per cent the weight the gas put through. 


The quartz reaction tubes used the first four experiments were not in- 
sulated, and the temperature the walls the tube was consequently lower, 
especially the case the wider tube, than the rod temperature. The results 
the last experiment, which the silica tube was insulated, and which, 
consequently, the walls the tube were higher temperature than the 
preceding experiment, are noteworthy, since there was formed practically 
liquid solid hydrocarbons, but abundant deposit carbon. 


Experiments Water-cooled Pyrex Reaction Tube 


consequence the observation just mentioned, the silica tube was re- 
placed water jacketed tube Pyrex was thought that 
reaction vessel any liquid products formed would condense the walls and 
thus escape decomposition. Instead, however, obtaining high yields 
liquid hydrocarbons with this arrangement, the yields such products were 
negligible but, the other hand, the yields acetylene and ethylene were 
remarkably high. 

The results obtained rod temperature 1050° C., for instance, with 
water-cooled tube, are sharp contrast with results obtained previous 
experimenters with tubes heated externally about the same temperature. 
Passage through the latter type tube leads the conversion considerable 
proportion methane and other gaseous paraffins into aromatic hydrocarbons. 
The temperature gradient the two types reaction vessels course 
entirely different. would appear that tube externally heated 1050°- 


1080° C., there sufficiently extensive zone the lower temperatures which 
favors the production aromatics from ethylene and acetylene (cf. Hague and 
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Wheeler (2)) allow polymerization considerable proportion the un- 
saturated gases formed the cracking the paraffin hydrocarbons the 
hot walls. tube the type employed the present experiments, how- 
ever, with its sharper temperature gradient between the rod and the walls, 
such zone small, and the initial unsaturated products formed after thermal 
activation the paraffin molecules contact with the hot rod diffuse out into 
the relatively cold regions surrounding the rod before polymerization can take 
place. 


Influence Gas Rate Formation Unsaturated Hydrocarbons 


Table gives the results the experiments rod temperature 1050° C., 
water-cooled Pyrex tube 3.2 cm. diameter. The carbon rod, 0.4 cm. 
diameter and 14.0 cm. long, was before disposed axially the tube. 

These experiments were designed ascertain the influence the rate 
flow the entering gas the concentration unsaturated gases the 
pyrolyzed gas. The figures given for ethylene include any propylene which 
may have been present. 

TABLE 


INFLUENCE RATE FLOW, ROD TEMPERATURE 1050° C., 
YIELD UNSATURATED HYDROCARBONS 


Yield (based 


Analysis product weight entering gas) 


Expansion, 

6.5 5.35 24.9 3.75 9.16 
7.9 2.2 5.4 23.8 4.02 10.7 
11.4 2.6 5.6 23.4 4.75 11.1 
15.8 2.3 6.3 20.3 4.20 12.4 


Although the maximum concentration ethylene the exit gas did not 
appear have been reached, this series experiments was not carried further, 
because the fact that the rapid deposition carbon the temperature 
question (1050° C.) made difficult keep the temperature constant, owing 
gradual reduction the resistance the rod. 

cooled internally heated tube, with those obtained Stanley and Nash (11) 
1150° externally heated tube. 5-mm. silica tube and with 
heating period 0.6 seconds, the latter found that 11% the entering methane 
was converted light oil and tar and 8.8% acetylene and ethylene, total 
conversion higher hydrocarbons 19.8%. the present experiments 
almost high yield higher hydrocarbons was obtained, but these were 
composed exclusively acetylene and ethylene, practically polymerization 
these primary products liquid hydrocarbons having taken place. 


| 


650 CANADIAN JOURNAL RESEARCH 


Influence Temperature Formation Unsaturated Hydrocarbons 
Table III are given the results experiments made determine the 
influence the rod temperature the yields unsaturated gases. will 
seen that increase temperature produces fall the yield ethylene and 
rise that acetylene. 


TABLE III 
INFLUENCE TEMPERATURE YIELD UNSATURATED HYDROCARBONS 


993 14.2 14.0 1.90 8.3 11.0 3.04 14.3 
1020 14.0 1.81 7.42 13.9 13.8 
1040 14.0 26.5 1.64 7.20 16.2 2.92 
1050 14.2 25.0 2.25 6.70 17.05 3.96 
1060 14.7 36.0 2.40 3.6 25.8 4.58 7.4 


The low ratio the amount hydrogen the amount ethylene and acety- 
lene found the pyrolyzed gas 993° would seem show that, this 
temperature, the formation these unsaturated hydrocarbons probably due 
greater part to; the decomposition the ethane and propane the 
natural gas than that the methane. 


Effect Volume Reaction Space Yield Unsaturated Hydrocarbons 
series experjments was carried out with water-cooled reaction tubes 
different sizes, 3.20 and 3.87 cm. diameter. The heating rod was 
each case cm. long and 0.4 cm. diameter. The results, which are sum- 
marized Table IV, show that within the limits tried the size the reaction 
tube without marked effect the course the reaction approximately 
constant rate gas flow. 


TABLE 
INFLUENCE VOLUME REACTION SPACE REACTION 


Reac- Space product weight enter- 

No. Temp. Flow, Expan- ing gas) 

1050 40.5 16.2 0.111 2.5 6.7 25.0 4.4 12.6 
1047 165 14.2 0.024 19.0 4.9 11.6 


The reaction space given the above table the volume the space 
between the carbon rod and the walls the reaction tube. 


of 
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The fact that the reaction appears independent the size the 
reaction tube can probably best explained follows. Since contact 
between the gas and the rod brought about convection, the lower space 
velocity the case the wider tube permits recirculation the gas over the 
rod greater extent than the narrower tube. Actually, order favor 
recirculation the gas over the rod, the tube set angle about 15°, 
the gas entering the tube the upper end. placing few lumps alumi- 
num chloride inside the tube, and mixing water vapor with the gas bubbling 
through water, the mist produced inside the tube permitted observation 
the flow the gas the tube. was observed that the entering gas, 
coming contact with the upper end the rod, flows back along the upper 
part the tube, mixing with the fresh entering gas cools, the same process 
being repeated after each contact, that the gas flows over the rod several 
times before reaching the outlet the lower end the tube. obvious 
that recirculation will more rapid narrow tube and, consequently, 
although the gas remains the tube shorter time the actual contact period 
must about the same both cases. 


Effect Copper Gauze Yield Unsaturated Hydrocarbons 

was found that placing cylinder copper gauze between the hot rod 
and the cold walls the reaction tube, and thus cutting down the loss heat 
through radiation, the current required keep the rod given temperature 
could decreased. Table gives the results some experiments made 
this connection. The gauze used, 40-mesh, was the form cylindrical 
spiral, 2.6 cm. diameter and cm. long, which completely surrounded the 
rod. 

TABLE 


EFFECT OF COPPER GAUZE ON CURRENT CONSUMPTION AND YIELD 
OF UNSATURATED HYDROCARBONS 


Yield (based 


Temp., Copper Current Flow, Expan- 

CoH, He CoH, 

1020 With 14.4 1.35 7.69 15.60 0.8 
Without 604 14.0 24.0 1.64 7.20 16.24 13.5 
| 


will observed that the current consumption greatly reduced the use 
the copper gauze. 

There another point interest the above results. There marked 
reduction the expansion when the copper spiral was used, although the 
amount hydrogen formed under these conditions greater than the 
absence the spiral. The lower expansion the presence the metal spiral 
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was due the formation and condensation liquid products the walls 
the tube. The formation these liquid products can explained the 
presence, between the copper spiral and the rod, reaction zone suffi- 
ciently high temperature for the polymerization the unsaturated hydro- 
carbons which are formed primary products. Probably the conditions inside 
the spiral were quite similar the conditions inside the uninsulated silica 
tube used experiment No. (Table I). The condensation liquid 
products the walls the tube was actually observed the course the two 
with copper gauze; unfortunately, the form apparatus used 
the time did not permit their quantitative estimation. 


Experiments with Ethane 


Ethane was subjected pyrolysis the same form apparatus that used 
the last experiments with natural gas. The jacketed reaction tube was 3.2 
cm. diameter and the carbon rod 0.4 cm. diameter and 14.0 cm. long. 

The gas used had the composition ethane, 95.01; methane, 3.78; nitrogen, 
1.21% volume. 


Effect Rod Temperature Concentration Ethylene Gas 


The work Pease and Durgan (7) shows that the dehydrogenation ethane 
ethylene thermal treatment equilibrium reaction, 


650° C., for instance, the dissociation ethane into ethylene and hydrogen 
was found 27.5%. the reaction from left right endothermic, the 
extent dissociation increases with temperature. This dissociation, however, 
slow reaction even temperatures high 700° C., and, further, side 
reactions always displace the equilibrium, that the equilibrium concentration 
ethylene never attained stream experiments, that is, when ethane 
passed through hot tube. 

interesting contrast the internally heated reaction tube herein des- 
cribed with externally heated tubes used earlier experimenters. Hague and 
Wheeler (2) passed ethane through externally heated quartz tube 2.2 cm. 
diameter and cm. long. The temperature the middle the tube was 
determined thermocouple inside narrow quartz tube placed axially 
within the reaction tube. temperature 950° C., registered the 
thermocouple the middle the tube, and gas flow litres per hour, 
13.9% the ethane put through decomposed carbon and hydrogen, and the 
exit gas contained only 3.8% ethylene and 1.4% unchanged ethane, along with 
52.6% hydrogen and 40.8% methane. the form reaction tube used 
the present experiments, even when the temperature the middle the tube, 
the temperature the carbon rod, was high 989° C., carbon was 
formed, and the exit gas was very much higher ethylene and unchanged 
ethane than Hague and Wheeler’s experiments, the concentration ethylene 
being 28.83, that ethane, 28.65%. 
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TABLE 
EFFECT TEMPERATURE ETHYLENE CONCENTRATION 


Yield ethylene 


Analysis product (in based on: 


969 13.13) 37.8 0.69 34.4 7.68 79.5 
989 12.6 56.8 1.45 28.83] 6.03 47.2 90.0 
1000 57.0 1.60 28.2 34.9 11.0 46.7 


From the above results the optimum temperature appears about 990° 
gas rate 12.61. per hour. Under these conditions half the ethane put 
through converted unsaturated hydrocarbons, while 90% the ethane 
which decomposed did according the equation 


one would expect, the amount acetylene and methane formed increase 
with increase temperature. The fraction reported ethylene actually con- 
tains about propylene, but probably less tham butylene and 
butadiene. 


Effect Rate Flow Concentration Ethylene Product 


determining the effect the rate flow ethane through the water- 
cooled reaction tube the concentration ethylene the pyrolyzed gas, 
the results recorded Table VII were obtained. 


TABLE VII 
EFFECT RATE FLOW ETHYLENE CONCENTRATION 


Yield ethylene 
(in based on: 
No. Temp., Flow, 


Analysis product 


989 56.8 1.45 6.03 47.2 90.0 
108 985 45.5 20.2 0.39 1.23 5.89 73.0 


The concentration ethylene the exit gas decreases quite rapidly with 
increase gas flow and this would indicate that recirculation the gas over 
the rod convection not rapid believed that the rod itself possesses 
little activity dehydrogenation catalyst. Subsequent experiments 
will show that the latter appears the case. 
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Effect Reduced Copper Dehydrogenation Ethane 


already pointed out, the dehydrogenation ethane ethylene true 
equilibrium. was consequently thought that with suitable catalyst 
higher rates flow ethane could used without lowering the concentration 
ethylene the product given temperature. 

the first experiments the use catalyst cylindrical copper gauze, 
2.15 cm. diameter and cm. long, made 35-mesh gauze, was placed 
the reaction tube around the carbon rod. Before using the gauze was 
oxidized oxygen 250° C., and placed the tube this form. The film 
oxide was rapidly reduced the hydrogen formed the reaction. The 
results obtained with this arrangement are recorded Table VIII. 


TABLE VIII 


EFFECT OF REDUCED COPPER ON CONCENTRATION OF ETHYLENE IN PRODUCT 


Analysis product Yield ethylene 
(in based on: 
No. Temp., Flow, 
985 58.3 1.40 13.97 50.7 59.5 
993 20.2 41.7 1.34 8.58 46.7 64.0 


the above experiments, the distance between the copper gauze and the 
rod was mm., the temperature the gauze being about The increase 
the concentration ethylene and the fact that the concentration ethylene 
does not decrease with increase gas rate (cf. Table VII), indicate that reduced 
copper under the above conditions undoubtedly catalyses the dehydrogenation 
ethane. Unfortunately the copper was rapidly attacked, loose deposit 
containing copper and carbon forming the gauze, that the circulation 
the gas through the gauze was stopped short time. 


Effect Metallic and Reduced Copper Bronze Gauze Reaction 


The difficulties experienced with the pure copper spiral were avoided 
certain extent making the contact gauze, shaped before the form 
cylinder, 40-mesh copper bronze (50-50 CuSn), and using cylinder 
2.6 cm. instead 2.15 cm. diameter, the temperature the gauze under 
these conditions being 398° C., measured thermocouple. 

gauze was used the first the experiments recorded Table the 
results being included for comparison with the second experiment, which the 
2.6 cm. cylindrical gauze was used without any surface treatment. the 
third experiment, the gauze was superficially oxidized before placing the 
reaction tube. 
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ACTION METALLIC AND REDUCED CUSN GAUZE REACTION 


Analysis product Yield ethylene 
(in based on: 
CuSn 
[85 993 28.9 47.5 9.82 46.5 72.2 
CuSn 


will observed that the analyses the products from the two first experi- 
ments are very closely the same, showing that the rate dehydrogenation 
ethane has not been affected the metallic CuSn gauze; the presence the 
latter, however, cutting down radiation losses, reduces 20% the current 
required keep the rod 993°C. The increased rate dehydrogenation 
ethane the presence the reduced CuSn gauze shown the higher 
ethylene concentration the product, and also the higher conversion 
ethane ethylene. 


Effect Rate Flow Ethylene Yield the Presence CuSn Gauze 


The experiments recorded Table were all carried out the presence 
2.6-cm. reduced CuSn gauze, the same gauze being used throughout. 


TABLE 
EFFECT RATE FLOW ETHYLENE YIELD THE PRESENCE CUSN GAUZE 


Analysis product Yield ethylene 
(in based on: 
Expan- 
thane 

993 53.3 1.16 36.53) 9.86 50.5 
993 32.6 44.0 0.90 6.00 45.1 81.8 
990 33.8 44.0 0.99 9.68 41.8 75.6 
985 34.0 40.5 0.84 8.86 40.1 79.0 
985 40.0 41.5 0.76 9.74 39.2 78.6 


The ethylene concentration the product dropped abnormally after the third 
experiment, and the probable reason for this was later found the con- 
tamination the rod copper from the gauze. was observed that the 
CuSn gauze, although less readily attacked than pure copper, became corroded 
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prolonged use, this corrosion resulting the formation loose deposit 
the gauze. Some this deposit apparently fell the rod, causing the 
formation the latter film dull carbon. can assumed that copper 
989° would strongly catalyze the decomposition ethane carbon and 
hydrogen, since this metal has appreciable effect the decomposition 
the more stable methane its elements according Slater (10). 
Subsequent experiments will also show that alteration the rod surface, such 
produced the deposition film dull carbon, can have marked 
effect the course the reaction. 


Influence Rod Surface Reaction 


When carbon rods, such have been used the course the present 
work, are electrically heated 1030-1050° natural gas, they become 
covered with thin film silvery-looking carbon. similar rods are heated 
ethane 985° C., the original dull surface the rod also becomes covered 
smooth film carbon, but the much darker color and less 
shiny appearance than when the rod heated natural gas higher 
temperature. 

The experiments recorded Table were carried out determine the 
difference apparent activity carbon rods before and after causing the film 
lustrous carbon form their surface heating them natural gas. 
(These experiments were carried out the presence copper-tin gauze.) 


TABLE 
EFFECT ROD SURFACE REACTION 


Current, Flow, Expansion, 
watts 
Untreated rod 313 49.2 32.0 
Same rod, heated natural gas 1027° 308 49.0 41.0 
Untreated rod 311 48.5 30.5 
Same rod, heated natural gas 1040° 305 48.7 40.7 
Same rod, heated natural gas 1040° 305 65.5 30.5 


Two different rods were used the above experiments. The expansion ob- 
served when ethane subjected pyrolysis fairly accurate index the 
ethylene concentration the gas produced, provided course that, was 
the case, appreciable amounts carbon liquid products are formed. 
will observed that the expansion with the first untreated rod was 32%, and 
30.5 with the second, and this corresponds concentration ethylene the 
pyrolyzed gas about 25.5% (cf. experiment No. 112, Table XII). After 
heating the same carbon rods natural gas 1030-1040° order produce 
lustrous film the surface, the expansion observed after passing ethane over 
the rod was 41.0% with the first rod and 40.5% with the second. This corres- 
ponds concentration ethylene the pyrolyzed gas 28.5%. (In fact 
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the product obtained 308 watts with the first rod analyzed 28.47% ethylene). 
Still more striking evidence the marked effect the nature the rod sur- 
face the reaction was obtained the fifth experiment, when the rate flow 
the ethane was increased 65.5 litres per hour, and the same expansion 
observed 48.5 litres per hour with the untreated rod. Since 30.5% 
expansion corresponds ethylene concentration the exit gas 25.5%, 
and consequently 33% conversion entering gas ethylene, the presence 
the shiny film carbon the rod has apparently effected increase the 
rate production ethylene from litres per hour the two experi- 
ments referred to. 

doubtful whether the apparent greater activity the rod covered with 
film shiny, silvery-looking carbon ascribed specific catalytic 
action this form carbon the dehydrogenation ethane, for one would 
expect this dense and compact form carbon quite inactive. fact, 
Seidenschnur and Jappelt (9) observed that the film carbon formed coke 
passing methane over this material 800° started reduce CO, 
610° C.; if, however, film dense grey carbon was formed the coke 
passing methane over 1030° C., the coke then had heated 690° 
before reduction could observed. 

seems that the greater apparent effectiveness the present experiments 
the silvery compared with the dull carbon surface due the fact that 
for constant current, owing the lower emissivity the former surface, the 
actual temperature the silvery rod higher than that the dull one. (The 
formation the thin film hard lustrous carbon causes appreciable 
difference the resistance the rod). The higher rod temperature naturally 
brings about more rapid rate dehydrogenation the ethane, the inertness 
the surface preventing decomposition ethane carbon and hydrogen. 

The observed temperatures two 4-mm. rods one treated wtih natural gas 
1040° C., the other untreated and consequently with dull black surface, 
were found 985° and 978° respeciively 310 watts, the tem- 
perature being determined means Leeds Northrup optical pyrometer. 
The observed temperature the case the rod with dull surface probably 
represents fairly accurately the true temperature the rod; the case the 
silvery rod, however, which has emissivity about 0.5 (as determined 
approximately measuring the light reflection the surface), compared 
emissivity about 0.9 for the dull rod, the optical pyrometer reading 
does not represent the actual rod temperature. From curves published 
Tech. Paper 170, U.S. Bureau Standards, the positive correction which must 
applied pyrometer reading 985° the case surface having 
emissivity 0.5 Actually, however, since probably about 50% 
the heat generated the rod carried away thermal conduction 
absorbed the process activation the gas, the above correction should 
divided two, that the true temperature corresponding reading 
985° probably about 1010° the case the shiny rod. 
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Effect CuSn Gauze Coated with MoO; Reaction 


already mentioned, reduced copper copper-tin gauze has been found 
have definite catalytic action the dehydrogenation ethane. serious 
disadvantage using copper this manner that the metal quite rapidly 
corroded, even when the copper-tin alloy used. was found that treatment 
the CuSn gauze with molybdic oxide which itself known act 
dehydrogenation catalyst, appeared completely obviate corrosion the 
metal without appreciably affecting the activity the contact. After hr. 
use contact gauze treated this manner showed visible signs corrosion. 
was also found that, due the protective action the oxide, the gauze could 
placed closer the heated rod. the following experiments, except the 
first one, two cylindrical contacts were used (these were made CuSn gauze 
treated with one 2.25 cm., the other 2.65 cm. diameter, the purpose 
the latter being prevent channeling the gas between the inner cylinder 
and the walls the tube. The temperature the inside surface the inner 
contact was measured with thermocouple and found 460° Some 
the results obtained with this arrangement are recorded Table XII. 


TABLE 


EFFECT ON ETHYLENE CONCENTRATION OF DOUBLE GAUZE COATED WITH MOLYBDIC OXIDE 


Yield ethylene 


Analysis product (in based on: 


110 48.0] 34.8 0.56 9.48 40.9 80.5 
111 982 41.0 1.08 5.88 42.2 81.5 
112 985 30.5 0.57 6.75 34.9 76.2 


gauze was used the first the above experiments, the results being in- 
cluded for purposes comparison. The current consumption the above 
experiments ranged between 300 and 319 watts. 

Results previously recorded (cf. Table have shown that the percentage 
ethane converted ethylene single passage through the water-cooled 
tube gas flow litres per hour, increased from 35.8 46.5% using 
reduced CuSn gauze contact. The results recorded the above table show 
that coating the gauze with molybdic oxide and placing closer the rod, 
the influence the gauze the rate dehydrogenation ethane becomes 
still more marked, since the percentage ethane converted ethylene one 
passage 45.5 litres per hour was 21.2% the absence contact, but rose 
over 40% the presence the gauze, and this slightly higher gas rate. 
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Conclusion 


According Nernst (6, 780), glowing metallic filament placed 
gas capable dissociating, there would probably only very slight recom- 
bination the dissociation products during the short time required for these 
diffuse from the surface the filament out into the comparatively cold 
layers short distance from it. Furthermore, dissociation was rapid enough, 
there would equilibrium the surface the filament, and hence the cold 
gas some distance from the filament would have the same composition the 
whole the gas were uniformly heated the temperature the filament. 
Langmuir (4) confirmed Nernst’s views showing that passing water 
vapor carbon dioxide through tube containing glowing platinum wire, 
the amounts the dissociation products obtained are those which correspond 
the dissociation equilibrium the temperature the wire. would con- 
sequently expected that passing ethane over glowing carbon rod 
water-cooled reaction tube, was done the present work, the amounts 
ethylene and hydrogen obtained would correspond the dissociation equili- 
brium ethane the temperature the rod. Actually has been found 
that the concentration ethylene approached the equilibrium concentration 
corresponding the rod temperatures used and was excess that corres- 
ponding the average temperature the space. did not actually attain 
the former concentration even low gas rates, due limiting factors which 
were absent the reactions studied Langmuir, such the lack catalytic 
activity the part the rod and the displacement equilibrium side 
reactions. The results obtained show, however, that the formation un- 
saturated hydrocarbons under the conditions the above experiments most 
probably surface reaction. support this view may mentioned the 
fact that several experiments the thermal efficiency the water-cooled 
reaction tube, that is, the fraction the energy supplied electrical energy 
which actually used the reaction: 

about 12%. highly improbable that under the conditions these 
experiments, this amount energy could absorbed the gas the form 
radiant energy, instead actual contact the gas with the rod. 

the other hand, some the results obtained seem show that the poly- 
merization decomposition the initial unsaturated products liquid 
products carbon and hydrogen are space reactions, and take place when 
the space surrounding the rod kept sufficiently high temperature. This 
can readily understood when considered that both are exothermic 
reactions, and require only sufficiently high temperature initiate them. 


Trial Experiments with Propane and Butane 
Experiments have been carried out with samples propane and butane, 
using the same apparatus and temperatures the last experiments recorded 
Table XII, the object being determine the behavior these paraffins 
the water-cooled reaction tube. Results are recorded Table XIII. 
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TABLE XIII 
YIELD OLEFINES FROM PROPANE AND BUTANE 


Analysis product 
No. Gas used Temp., Flow, Expan- 


0 /0 /0 40 /0 oO /0 


The results from the propane experiment show that 70.7% the propane 
which decomposed one passage through the tube did according the 


following equations: 
C3Hs — > C.H4+CH, 
‘ 


Similarly with butane, 62.1% the gas which decomposed one passage did 


follows: 
C4Hip —> He 


(The propane and butane used have not been analyzed, and making these 
calculations are assumed 100% pure.) 

The above results show that when propane and butane are pyrolyzed 
contact with glowing carbon rod, the main products consist olefines. 
‘will observed that the case propane the predominating reaction 
demethanation ethylene, while some propylene also formed straight 
dehydrogenation. With butane, the predominating reaction the opening 
the 2:4 carbon-to-carbon bond, giving rise two moles ethylene and one 
mole hydrogen, while third the olefines produced consist propylene 
formed demethanation. The amounts butylene and butadiene formed 
both the above experiments were very small compared the other olefines 
produced. 

Further experiments are being carried out with propane and butane the 
same form apparatus, particularly determine whether the conversion 
the corresponding olefine can increased lowering the temperature and 
using suitable catalyst. 
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STRUCTURAL VISCOSITY SOME LYOPHILIC SOLS 
THE FLOCCULATION GELATIN AND CASEIN AGAR' 


WILFRED GALLAY? 


Abstract 


The relative viscosities mixtures gelatin and agar sols were measured 
varying pressures using the overflow viscosimeter. All the sols showed wide 
deviations from Poiseuille’s law, with regions structure and turbulence low 
and high pressures, respectiv ely. minimum viscosity was found for inter- 
mediate mixture, showing dehydrating action the agar the gelatin. 
This effect was masked similar series using casein and agar, due the much 
greater difference relative viscosity the two sols. marked structural 
turbulence was found the region structure many cases. The relation 
between velocity flow and pressure expressed parabolic equation. 


The most characteristic property lyophilic sol its comparatively high 
relative viscosity, the latter increasing sharply with higher concentrations 
solutes. the case true solution the velocity flow usually found 
directly proportional the pressure, according Poiseuille’s law 


where the velocity flow, the pressure, the viscosity, and constant. 

Owing turbulence, deviations from the law occur high pressures, where 
the relation becomes exponential one. Ostwald and collaborators (5, 
have further generalized this relation taking into consideration the results 
obtained the measurement the viscosity lyophilic sols low pressures. 
Further aberrations from Poiseuille’s law have been found under these condi- 
tions, the velocity flow decreasing enormously low rates shear. This 
must obviously ascribed structure effect the sol, the effect being 
nullified higher pressures. With sufficiently high concentration solute, 
only small proportion the solvent free, the rest being bound the 
highly solvated micelles. low rates shear, the tendency towards 
incipient gel formation sufficiently great show evidence structure 
the sol. the pressure increases, owing the comparatively ready deform- 
ability the solvated solute, the resistance flow decreases with consequent 
nearer approach linear relation between pressure and velocity flow. 

With further increased rate shear, found that the relative viscosity 
many cases increases. This has been ascribed turbulent effect the 
sol. Since this effect appears the case lyophilic sols much lower 
pressure than the cases liquids and true solutions, would seem that the 
ordinary mass turbulence does not here obtain, but that the effect probably 
one loss kinetic energy the solute particles directions other than that 
flow. 


Man received December 1932. 
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The generalized relation Ostwald shown diagrammatically Fig. for 
pressure and velocity flow, and Fig. for pressure and viscosity. 
lic sols many cases show all three regions. some instances, shown 
below, the region where Poiseuille’s law obeyed disappears entirely, the 
structural region passing over gradually into that turbulence. 


Fic. Diagrammatic representa- Fic. Diagrammatic repre- 
tion velocity flow-pressure rela- sentation viscosity-pressure rela- 
tion. Structure, tion. Structure; II, 
law; III, turbulence. law; III, turbulence. 


These measurements can made readily the use the ordinary capillary 
viscosimeter with added arrangement for the maintenance constant 


Fic. Overflow 


pressure during the flow the liquid. Particularly conveni- 
ent, however, the apparatus Ostwald and Auerbach (4) 


this apparatus the surface tension and kinetic energy 
effects obtaining the outlet the ordinary consistometer 
are obviated and the readings taken the velocity flow 
themselves serve measurements the hydrostatic head 
pressure the sol. 

Flocculation colloidally dispersed system can brought 
about one both two general methods, 


the lowering the electrokinetic potential through 
the addition suitable electrolyte oppositely 
charged colloid. 


desolvation usually brought about the addition 
liquid lyophobe the dispersed phase and miscible with the 
solvent. 

Tiebackx (9, 10) found that, within narrow ranges hy- 
drogen ion concentration, flocculation was obtained upon 
mixing sols gelatin and gum arabic. The precipitate partook 
somewhat the nature casein globulin being peptized 
dilute alkalies and somewhat stronger acids, with zone 


flocculation intermediate pH. ascribed this mutual discharge 
between the carbohydrate and protein particles. Ostwald and Hertel (7, 
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extended this reactions between various starches and gelatin and between 
agar and gelatin. The extent flocculation depended some extent upon 
the relative concentrations. The starches showed charge whatever and the 
gelatin weak positive charge electrophoretic measurement, and Ostwald 
and Hertel point out that this, then, may hardly regarded process 
flocculation mutual discharge. These authors tend rather the view that 
here desolvation occurs, the more strongly hydrated colloid withdrawing 
part the bound solvent from the less strongly hydrated colloid. support 
this view they found, the case gelatin and starch, that the coagulum 
consisted almost entirely starch, the less strongly hydrated colloid. 
The viscosity lyophilic 
sol increases with increase 


GELATIN SOL 0%AGAR SOL solvent bound the disperse 
90% and, other factors being 


gelatin sol and 0.2% agar 
sol were measured means 
the Ostwald-Auerbach vis 
cosimeter. macroscopic 
flocculation was evident other 
than some noticeable turbid- 
ity the sols containing 
and 40% the agar sol. The 
viscosity-pressure relation for 
this series shown Fig. 


deviations 
Fic. gelatin-agar mixtures. law. The effect the presence 


the beginning the structural region about cm. pressure (sol No. 
instead about cm. pressure (sol. law not obeyed 
any pressure, the two curves merging into one about cm. pressure, 
passing from the structural region that turbulence. The curves for sols 
Nos. and (20 and 40% the agar sol) are identical. will 
noticed that the viscosity the sol actually appreciably lowered where 
Poiseuille’s law more nearly obeyed. No. the viscosity much higher 
expected, and pressures above cm. the velocity flow 
very nearly proportional the pressure. Nos. and show great increases 
viscosity and show structure over the whole range pressures measured. 
Instead steadily increasing viscosity from No. No. would ex- 
pected from merely additive effect, the lowest viscosity shown inter- 
mediate mixtures, owing the dehydration the gelatin the agar. 


| 
q 
‘ 
he <j 


turesof varying proportions 
basic casein sol 
and 0.25% agar sol were 
similarly measured. 
results show regular in- 
crease viscosity with 
increasing concentration 
the agar sol. 
probable that the wide 
variation relative viscos- 
ities between the two sols 
has had the effect mask- 
ing the dehydrating action 
the agar upon the casein. 
The results are shown 
Fig. 


parabolic equation for the 
expression the relation 
between velocity flow 
and pressure at- 
tempted show several 
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The viscosities mix- 
hk 
The 
90 
Blair (1) has stated that 
Fic. Viscosity casein-agar mixtures. Curve 


examples that linear re- 
lation will suffice. Ostwald 
(3), citing long list 


examples, has shown that the parabolic equation necessary general, the 


Fic. Velocity 
flow-pressure curve cor- 
responding Curve 
Fig. 


Fic. 
flow-pressure curve cor- 
responding Curve 
Fig. 


cases chosen Blair hav- 
ing been fortuitously close 
the linear relation. 

Figs. and are 
shown twotypical examples 
the velocity flow- 
pressure curves. Fig. 
(Curve Fig. the struc- 
tural region (enlarged 
the inset) shown 
slight but quite regular 
deviation from the line 
and convex the pressure 
axis, and the turbulent re- 
gion higher pressures 
concave the pressure 
axis. Fig. (Curve 
Fig.5), example shown 


| 
| / | o 
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where the condition structural throughout. may concluded that the 

generalization diagrammatically represented Fig. substantiated, and 

that the relation between velocity flow and 

pressure cannot represented equa- 
tion the first order. 

Fig. reproduces portion Curve Fig. 

showing the actual experimental values 

obtained. Although the total effect clearly 

one structure, portions the curve show 

actual rise viscosity with increase 

pressure. This analogous results ob- 

tained Hatschek and Jane (2) with am- 

monium oleate sols, and Ostwald (5) has 

termed this effect one structural turbul- 

ence distinguished from the turbulence 

higher pressures. has been explained 

Structural iurbulence (first por- Ostwald being due tearing effect 


20 35 45 


tion Curve Fig. 5.) the structure leading turbulent motion 


the sol. Most the sols measured show 
this typical irregularity the structural region. 


Experimental 


Viscosity measurements were carried out with the overflow viscosimeter 
thermostat kept 30°C. the case aqueous sols, the capillary was 
attached means rubber tubing, and for the benzene sols, corks coated 
with lacquer insoluble benzene. With the aid assistant, readings 
were taken, equal time intervals, the height liquid the burette tube. 
From these were calculated the volume flow during the time interval, the 
average velocity flow for definite pressure, and finally the relative viscosity 
each pressure. all cases readings were taken over short time intervals 
(10 sec.) and then means were taken successive groups give the 
average volumes flow for sec. during successive minutes. 

the tables below, excepting Table VII, only these condensed sets 
figures are shown. all cases the pressure cm. solution, the 
velocity flow cc. per sec. and the relative viscosity. Table 
VII shows the total calculations involved. 

The gelatin used was the Eastman’s ash-free leaf product and the agar 
purified fine white powder obtained from Schuchardt’s. The basic casein 
sol was prepared from ‘‘casein Schuchardt the use excess 
calcium oxide. 
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TABLE TABLE TABLE III 
41.24 1.76 23.44 
31.44 1.39 41.15 1.76 41.08 1.81 
24.44 1.09 1.40 31.49 1.42 21.89 
14.27 0.65 21.96 18.57 0.84 22.11 18.14 0.84 21.60 
10.88 0.49 22.20 14.17 0.64 22.14 13.74 0.64 21.47 
0.38 21.79 10.83 0.49 22.10 10.38 0.49 21.18 
6.31 0.29 21.76 0.37 7.85 0.37 21.22 
4.82 0.22 21.91 0.28 22.79 5.98 0.27 22.14 
0.17 22.71 4.99 0.20 24.95 4.57 0.20 22.86 
0.11 4.10 0.16 26.00 3.67 23.71 
2.00 0.075 26.67 2.83 0.087 2.46 0.093 26.45 
1.61 0.057 2.34 0.075 31.20 2.00 0.068 
0.045 1.97 0.053 36.87 1.62 0.053 
1.10 0.037 29.73 1.66 0.043 .34 1.36 0.038 35.79 
Sol 0.2% agar. 

TABLE TABLE TABLE 
41.08 1.80 22.82 1.97 22.83 41.61 1.73 24.05 
31.51 1.44 21.88 31.82 1.39 32.60 1.33 24.51 
18.10 0.84 21.54 18.82 0.82 20.09 0.80 25.11 
13.70 0.64 21.41 14.50 0.63 15.85 0.62 
10.39 0.48 21.65 11.20 0.48 12.60 0.48 26.25 
7.91 0.38 20.82 8.68 0.37 10.05 0.37 
6.01 0.27 0.28 24.04 0.30 26.80 
4.61 0.20 0.21 6.49 0.23 
3.70 0.15 24.18 0.17 5.45 0.19 
2.52 0.10 25.71 3.07 0.10 31.33 0.12 33.17 
2.01 0.072 0.08 31.50 3.35 0.10 
1.63 0.052 31.35 2.10 0.078 36.41 
1.39 0.040 34.75 1.78 0.046 38.58 0.055 44.18 
1.19 0.027 1.54 0.035 2.13 0.052 


| | | 
| \ | 
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TABLE VII 


Time 
“ P P (average) A V V (average) 
min. sec. 
Oo 10 48.0 
-— 2.00 
20 46.0 1.90 
1.80 
30 44.2 1.75 
1.70 
40 42.5 41.80 1.65 1.66 
1.60 
50 40.9 1.55 
1.50 
39.4 1.55 
1.60 
10 37.8 1.53 
1.45 
20 36.35 1.40 
1.35 
30 35.00 | 1.33 
1.30 
40 33.70 33.12 1.29 a .27 
1.27 
50 32.43 1.25 
1,23 
2 0 31.20 1.19 
4.35 
10 30.05 1.16 
20 28.88 1.13 
1.08 
30 | 27.80 | 1.04 
1.00 | 
40 26.80 26.32 | 1.03 1.01 
1.05 
50 25.75 ..00 
| 0.93 
10 23.87 | 0.91 
0.88 
20 22.99 0.86 
| 0.83 
30 22.16 0.85 
0.86 
40 21.30 20.99 | 0.79 0.78 
50 20.58 0.75 
0.78 
4 0 19.80 0.74 
0.70 
10 19.10 0.68 
0.65 
20 18.45 | 0.65 
0.65 
30 | 17.80 0.64 
0.62 
40 17.18 0.61 
0.59 
50 16.59 16.91 0.59 0.60 
0.59 ° 
5 0 16.00 0.57 
0.55 
10 15.45 0.56 
- — 
20 14.88 | 0.54 | 
0.50 
30 14.38 0.50 
0.49 
40 | 13.89 13.68 0.48 0.48 
| 0.47 
50 | 13.42 | 0.45 
| 0.43 
6 0 12.99 0.44 
0.45 
10 12.54 0.44 | 
0.42 
20 | 12.12 0.42 
| 0.42 
30 11.70 0.39 
0.36 
40 11.34 11.15 0.39 0.38 
| | 0.41 


25.18 


26.08 


26.06 


26.91 


28.18 


28.50 


29.34 


q 
q 
| 
oy 
h 
ae 
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7 
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TABLE VII—Continued 


Time 
P P (average) A V V (average) U] 
min. sec 
| 
50 10.93 0.38 
0.34 
10.59 0.35 
0.35 
10.24 0.35 
0.34 
20 9.90 0.34 
0.33 
0.32 
40 9.25 9.12 | 0.32 0.31 29.42 
0.32 
8.93 0.30 
0.27 
8 0 8.66 0.28 
0.28 
10 8.38 | | 0.28 
20 8.11 0.27 
| 0.26 
30 7.85 0.26 
0.25 
7.60 0.23 
0.20 
50 7.40 7.50 0.23 0.25 30.00 
0.26 
9 0 7.14 0.25 
0.24 
10 6.90 0.24 
0.23 
6.67 0.22 
0.21 
30 | 6.46 6.38 . 0.19 0.195 32.72 
| 0.1 | 
6.29 0.18 
| 0.19 
50 | 6.10 0.19 
0.19 —— 
60 | 5.92 
10 30 5.40 
— 0.45 | | 
11 0 4.95 4.69 | 0.44 0.137 34.23 
0.43 | | 
30 4.52 | 0.38 | 
12 0 4.20 4.05 } as | 0.32 0.107 37.85 
| on | 
30 3.89 | 0.32 
0.32 | 
13 0 3.57 3.44 | 0.30 | 0.09 38.22 
| 0.27 | | 
30 3.30 | 0.24 | 
—_— | 0.20 — | 
14 0 3.10 3.00 0.20 | 0.067 44.77 
0.19 
15 0 2.71 2.63 0.18 | 0.057 46.14 
2.55 0.16 
0.15 
16 0 2.40 
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TABLE XIII 
Viscosity 


o 
a 


TABLE VIII TABLE 
42.31 1.61 26.28 1.40 30.40 
1.26 26.85 34.59 1.20 
21.38 0.85 22.64 0.81 28.10 
0.67 25.13 18.29 0.66 
0.43 24.26 11.87 0.42 
8.19 0.33 24.82 9.59 0.35 
6.44 0.26 24.77 7.74 0.27 
0.20 26.45 6.48 0.24 
3.60 0.13 27.70 4.57 27.36 
2.90 0.11 27.10 3.73 0.13 
2.36 0.082 3.05 0.10 
1.90 0.067 0.078 32.31 
Sol agar 
TABLE TABLE XII 
| | P V y 
45.93 0.71 64.69 
1.04 37.49 45.44 0.97 0.61 68.92 
0.61 40.00 32.02 0.59 0.45 72. 
References 
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STRUCTURAL VISCOSITY SOME LYOPHILIC SOLS 
II. RUBBER 


WILFRED 


Abstract 


The relative viscosities sols natural and purified rubber benzene were 
measured varying pressures using the overflow viscosimeter. Deviations from 
law varying extents were found all cases, with regions structure 
and turbulence various pressures. The limiting concentrations above which 
structure evident and Poiseuille’s law not obeyed were found agree- 
ment with those calculated Staudinger, the basis his theory the 
relation between the viscosity and molecular weight polymeric molecules. 
Exposure ultra-violet light was found decrease considerably the viscosity 
sol purified rubber. 


The equation Einstein expressing linear relation between specific 
viscosity and the volume occupied the solute, based partly upon the assump- 
tion non-deformable spheres, has been found hold for certain sols, e.g., 
mastic. has been found fail utterly, however, the case such sols 
gelatin and rubber. The relative viscosity such sols increases enormously 
with increase concentration, and the basis Einstein’s equation, attempts 
calculations the volume occupied the solute often yield figures many 
times greater than the actual volume solvent used. 

Staudinger (2) has found the following empirical relation hold for various 
polymeric series, 


=K.M, 


where the specific viscosity, the concentration, the molecular 
weight, and constant for any one series the same solvent. 

Assuming that the extent solvation small, possibly only adsorption 
film, Staudinger considers that the effective volume long-chain molecule 
that short cylinder encompassing the rotatory movements the molecule. 
Upon this assumption, the effective volume occupied the molecule must 
proportional the square the molecular weight chain length. 
sol containing solute molecules less than certain size, the volume solvent 
available sufficient for free movement the particles. sol the same 
concentration containing very long molecules, however, the number mole- 
cules decreases inversely the chain length, but the effective volume increases 
the square the chain length, and condition attained where the volume 
solvent available longer suffices for free movement the particles. 
Staudinger has calculated the effective volumes various high polymers and 
the limiting concentrations above which normal solution changes “gel 
solution”’. 
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evident that this condition mutual hindrance the movement 
solute particles must synonymous with the structural region, discussed else- 
where (1), where there conformity with Poiseuille’s law. The extent 
solvation considered most workers very great. However, the inter- 

action between the bound solvent 
the outer parts the spheres at- 
traction two molecules, from the 
point view viscosity, isunknown. 
Under these conditions also, the 
magnitude the force binding the 
liquid some distance from the hy- 

drocarbon chain very uncertain. 
Staudinger from the point view 
the critical concentrations above 
which normal solution longer 
possible, the viscosity number 
rubber sols was investigated 
means the overflow viscosimeter. 
Fig. shows the viscosity-pressure 
Fic. sols natural rubber. tions acetone-extracted smoked 
Concentrations;—1, 0.19% sheet. Neglecting for the moment 
the initial rise viscosity, seen 
that the relative viscosity independent the pressure with concentration 
0.19%, but the structural effect very marked concentration 
0.38%. Staudinger (3) gives 0.2% the limiting concentration the case 

raw Hevea rubber. 


Fig. shows the 
curves for sols various 
purified rubber. The rubber was puri- 
fied the diffusion method (described 
the experimental section) after 
extraction, and showed nitrogen present 
the sodium fusion test. The sol 
concentration shows structure, and 
sol 1.06% concentration shows marked 


Staudinger (3) for rubber sol purified 

0.61%. This figure for the more readily 0.21%; 0.42%; 
soluble portion the rubber (the so-called 

sol-rubber) purified according Pummerer. the present instance, only 
the most readily diffusible portion the rubber was used, representing only 
about the total weight rubberemployed. order magnitude, 
least, the results these viscosity measurements are agreement with the 
theory Staudinger. 
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Fig. shows the effect exposure ultra-violet light hr.) sols 
natural and the purified smoked sheet. The sols were contained loosely 
stoppered quartz flasks with air above the sol. well known that the 
removal nitrogenous matter from the rub- 
ber results large decrease 
but evident that the structure 
the hydrocarbon. The effect exposure 
ultra-violet light also causes decrease 
viscosity, not only the sol natural rub- 
ber but also that the purified hydrocar- 
bon, and therefore may concluded that 
the effect chiefly, not entirely, upon 
hydrocarbon itself. 

nearly all these viscosity-pressure 
curves for rubber sols, will noticed 
that the first part shows increased viscos- 
ity with rise pressure. the basis long 
unbranched hydrocarbon chains, this initial Fic. Effect ultra-violet light 

viscosity rubber sols. Purified 
rise very difficult explanation. the concentration 1.06%: before 
chains, there possibility initially in- after exposure. 
creasing interference with the tendency to- 

wards orientation the molecules. 


~ 


Experimental 


Natural smoked sheet was extracted with dry acetone for ten days about 
30° C., dried vacuo and sols were prepared pure benzene room tem- 
perature. The viscosities were measured with the overflow viscosimeter im- 
mersed thermostat kept 30° The capillary was attached both 
ends well-fitting corks coated with lacquer insoluble benzene. The 
method calculation has been given elsewhere (1). 

the following condensed tables, the pressure cm. solution, the 


velocity flow cc. per sec. and the relative viscosity. Tables 


and III express the results for natural rubber sols various concentrations. 

quantity acetone-extracted smoked sheet (treatment described above) 
was placed large flasks together with sufficient volume pure benzene 
leave supernatant layer after swelling the rubber. The rubber was 
allowed diffuse into the liquid for two periods four days each with with- 
drawal supernatant sol and replacement with pure solvent after each period. 
Care was taken not shake the vessels during this treatment. concen- 
tration solute was determined aliquot portion and the sol tested for 
nitrogen the sodium fusion test. The latter yielded negative results. 
Approximately the total weight rubber diffused into the benzene 
during thistreatment. The relative viscosities sols various concentrations 
varying pressures are shown Tables IV, and VII. 


4 
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Two the sols, one natural and one the purified rubber, were exposed 
for six hours ultra-violet light mercury arc fluorescence cabinet. The 
sols were contained loosely stoppered quartz flasks with air above the sol. 
blue filter was used avoid rise temperature. The relative viscosities 
these sols after exposure are shown Tables VIII and IX. 


TABLE TABLE 


nD 
ow 
oo 
w 


CHOON W NOD +100 


TABLE III 
VISCOSITY SOL, 0.19% 


on 


OO UCN Wh 


0.131 334.0 45.5 0.71 0.11 
0.100 376.7 41.5 0.64 0.10 
31.97 0.089 358.6 37.85 0.10 
0.042 410.9 26.48 0.070 
14.82 0.036 413.5 24.28 0.063 
11.34 0.027 424.9 20.46 0.057 
9.19 0.022 427.2 18.80 0.050 
7.99 0.019 427.9 17.30 0.048 
6.96 0.016 430.5 15.91 0.043 
6.06 0.014 432.8 14.69 0.043 
5.29 0.012 434.8 13.50 65.5 
9.01 
1.42 32. 0.16 31.8 
37.90 1.15 32. 0.14 30.0 
34.60 1.06 32. 0.123 30.9 
31.55 0.98 32. 0.110 31.6 
28.75 0.88 32. 0.110 28.7 
26.30 0.81 32. 0.100 28.3 
21.85 0.67 32. 0.080 28.9 
19.90 0.61 32. 0.070 29.9 
18.17 0.55 32. 0.067 28.5 
16.58 0.50 32. 
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TABLE TABLE TABLE 
VISCOSITY SOL, 0.11% VISCOSITY SOL, 0.21% VISCOSITY SOL, 0.42% 


Nd 


Cm 
n 


TABLE VII 
VISCOSITY SOL, 1.06% 


TABLE VIII 
VISCOSITY PURIFIED RUBBER SOL, 1.06% 


= 


NRHN 


i=) 


4 
21.72 0.76 40.2 
15.97 0.66 40.0 
42.7 0.27 156.2 16.64 5.57 0.034 162.6 
40.39 0.26 156.0 163.8 4.44 154.2 
32.21 0.20 160.2 10.79 3.52 153.0 
25.79 0.16 161.4 8.68 2.77 0.018 158.4 
163.8 6.96 148.8 1.93 0.015 133.2 
42.8 15.82 0.21 
36.70 13.57 0.18 
34.05 12.55 0.16 
31.50 11.61 0.15 
10.74 0.14 
q | | | 
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TABLE 


VISCOSITY NATURAL RUBBER SOL, 0.96% 


| | 
45.55 0.23 197.5 20.40 238.5 
41.70 0.20 207.9 18.93 0.078 241.6 
0.16 218.2 16.31 0.068 240.7 
30.00 0.13 225.0 14.09 0.057 246.2 
0.12 13.10 0.053 248.2 

References 


STAUDINGER, angew. Chem. 45: 276-280 and 292-295, 


w 


OO 
OO 
OWS 


0.036 252.9 
0.034 
241.0 
0.031 239.6 
250.2 
0.024 241.4 
q 
: 
q 
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THE SPECIFIC HEAT MONEL METAL BETWEEN 
183° AND 25° 


Abstract 


The heat capacity Monel metal over the range —183° 25° has been 
measured adiabatic calorimeter. differentiation the equation 
representing the heat capacity curve, equation for the specific heat over this 
range obtained and values various temperatures calculated. The specific 


Introduction 


recent paper (3) description was given Monel metal container 
used connection with some calorimetric measurements which are being 
carried out this laboratory. During the course this work was necessary 
determine the heat capacity the container over the temperature range 
from —183° the present article calculation made from 
these determinations the specific heat Monel metal over this temperature 
range. 


Experimental 


the same paper (3) the form the container and its particular features 
were described detail. made entirely Monel metal except for thin 
lead washer placed underneath the cover. 

The heat capacity measurements were made the adiabatic calorimeter 
designed Barnes and Maass (1). The temperatures the thermostat 
which the container was brought constant temperature before introduction 
into the calorimeter were obtained means calibrated platinum resistance 
thermometer. The bath consisted merely wide-mouthed Dewar flask. 
For ice-water mixture was used, and for —78.5° C., solid carbon 
dioxide moistened with ether. Liquid air was used give the lowest tem- 
perature, —183° Points between —78.5° and were obtained with 
acetone and solid carbon dioxide. The bath liquid for the point 
was gas machine naphtha boiling below This was brought the desired 
temperature and maintained this point means liquid air blown 
regular intervals into very thin copper tube suspended the bath liquid. 
estimated that with careful manipulation the thermostat temperature 
could controlled about 0.2° 130° and easily 0.1° temperatures 
above —78.5° 

Temperature changes the calorimeter were measured with calibrated 
Beckmann thermometer. All heat capacity calculations are made 25° 
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Results 


The values for the total. heat capacity the container different initial 
temperatures are given Table These when plotted gave smooth curve, 
and values for the heat capacity the container used subsequent calcula- 
tions were read from this curve. Subtracting from the value for the heat 
capacity the container any temperature that portion due the lead 
washer gives the heat capacity for the weight Monel metal the container. 
From this, the heat capacity per gram the metal obtained. The weight 
the lead washer was 3.0309 gm. and for the purpose calculation, the value 
0.0300 obtained Richards and Jackson (5) for the average specific heat 
lead between —180 and 20° C., was used. The weight Monel metal was 
132.9050 gm. 

Values for the heat capacity per gram Monel metal calculated for different 
temperatures outlined above are given Table Upon plotting these 
values smooth curve was obtained and from this curve the equation for the 
heat capacity Monel metal was found be: 


Differentiation this equation leads the following expression for the specific 
heat Monel metal over the temperature range from 180° 25° 


Values for the specific heat calculated from this equation are given 
They are found good agreement with tangents drawn the heat 
capacity curve. 

Discussion 


Unfortunately sample the Monel metal used the container was 
available for analysis and its exact composition not known. typical 
analysis Monel metal, supplied the International Nickel Company, 
follows: nickel, 68%; copper, 29%; iron, 1.45%; carbon, 0.13%; manganese, 
1.04%; silicon, 0.03%; sulphur, 0.008%. Taking the specific heats 20° 
(4) nickel 0.1064, copper 0.0915, iron 0.1078, manganese 0.1211, the value 
calculated from the above analysis for the specific heat Monel metal 
20° 0.1017, assuming that the specific heats are strictly additive. This 
reasonably good agreement with the value here found, 0.0997. The 
average specific heat Monel metal between 20° and 1270° has been 
reported 0.128 calories per gram (6). 

The results for the specific heats the lower temperatures are submitted 
with some reserve. The method carrying out heat capacity determination 
involves the transfer the container from the thermostat into the calorimeter. 
Ordinarily this process takes less than three seconds and when the temperature 
not too low the heat loss during transfer can neglected. lower tem- 
peratures however, Barnes and Maass (2) have pointed out, very un- 
likely that the heat loss during transfer negligible owing the large difference 
between the temperature the container and that-of the surrounding air. 
Moreover, rapid manipulation more difficult very low temperatures. 
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Consequently the values given for the heat capacity liquid air temperatures 
are probably somewhat too small. 

may mentioned that this source error much less importance 
the measurement the heat capacity materials enclosed within the con- 
tainer. The latter involves the subtraction the heat capacity the 
container given temperature from that the container and contents 
the same temperature. Since the heat losses involved the transfer each 
case are small and very nearly equal they tend cancel. 


TABLE 


TOTAL HEAT CAPACITY OF MONEL METAL CONTAINER, HEAT CAPACITY PER GRAM 
OF MONEL METAL, AND SPECIFIC HEAT OF MONEL METAL 


Total heat capacity Heat capacity per gram Specific heat 
Monel metal container Monel metal Monel metal 
+25 +25 +20 0.0997 
—57.8 —80 —10.143 .0910 
—120 —13.461 —100 .0836 
—132.6 —1925.5 —140 14.899 —130 .0740 
—184.2 2371.7 —160 —16.200 —160 
—180 
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IMPROVED SLOW-COMBUSTION GAS 


Abstract 


new type slow-combustion gas pipette described which the com- 
bustible gas admitted through platinum jet and impinges directly the 
platinum spiral, thereby ensuring complete combustion and eliminating the 
danger explosion. 


the combustion hydrocarbon and other gases the slow-combustion 
method, the usual practice admit the gas burned into the pipette 
through the capillary connection the manifold the apparatus. This 
frequently leads the cracking the pipette its junction with the capillary, 
owing the heat developed this point. necessary maintain the 
heated spiral close possible the junction the capillary and pipette 
order ensure complete combustion the gas, and avoid the possibility 
the accumulation explosive mixture the pipette. the usual type 
pipette, explosions are not infrequent. 


Fic. Slow- 
combustion 


pipette. 


the following modification the apparatus, 
difficulties. 
4-cm. length 1-mm. capillary tubing, drawn 
0:5-mm. jet blown into side the pipette 
shown, point along its wall distance 
down from the shoulder. piece thin platinum foil, 
slipped into the 1-mm. end the capillary and forced 
partly through the 0.5-mm. jet. The pipette connected 
the three-way stopcock means two rubber connec- 
tions shown. The capillary leads the two-way stop- 
cock (not shown), the burette. The tubing connecting 
the burette its levelling bulb fitted with pinchcock 
(not shown). 

The heating coil consists platinum spiral the usual 
size which soldered with silver solder (sodium nitrite flux) 
two 1-cm. lengths 1-mm. diameter platinum wire which 
are, turn, similarly soldered the tungsten leads the 


pipette. The pieces 1-mm wire serve dissipate the heat 
from the spiral, thereby preventing oxidation the tungsten 
through the overheating the platinum-tungsten junction. 

Starting with the pipette and capillaries filled with mer- 
cury, oxygen passed from the burette through the 


capillary being filled with mercury the end the process. The sample 
now drawn into the burette, closed, the. volume the sample read 
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and closed with the sample atmospheric pressure. The levelling bulb 
the burette raised point above 

The spiral now heated bright redness and the levelling bulb the 
pipette lowered place the oxygen under slightly reduced pressure. 
With still closed, slowly opened CG. The mercury falls into 
and small amount the gas drawn through the jet, where burns with 
flicker. The remainder the gas the burette now passed 
slowly releasing 

Complete combustion assured the fact that the gas burned 
impinges directly the hot spiral, the combustion being also facilitated the 
presence the platinum jet. Thus there danger the accumulation 
unburned gas the pipette. 


the end the combustion, the gas drawn into the burette through 
and capillaries and filled with mercury 

pipette this design has been continuous use for more than year 
these laboratories connection with natural gas research. explosions 
have occurred and has given complete satisfaction. 
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